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EXECUTIVE SUMMARY

OBJECTIVE

The performance of a field-portable x-ray fluorescence (XRF) spectrometer on board a small
research vessel was evaluated for the near-real-time determination of metals in marine sediment.

APPROACH

Analyses were performed using a Spectrace 9000 portable XRF spectrometer. Manufacturer-
supplied application programs were used, with suitable modifications made to counting times.
An analysis of certified reference soils and sediments in the laboratory verified the accuracy,
precision, and detection limits of the instrumentation. The instrumentation was then installed on
board a small research vessel and used to measure marine sediments, obtained with a sediment
grab, along transects in San Diego Bay. Subsamples of these sediment grabs were taken to the
laboratory and processed for XRF measurement using standard laboratory techniques for
quantitative analysis. We had the following objectives: (1) to explore the variation of replicate
wet samples from the same sediment grab; (2) to compare the analysis of the natural wet samples
with dried, homogenized samples; and (3) to demonstrate the feasibility of obtaining very rapid
metals analyses on site.

RESULTS

There was no difference in data quality between wet samples analyzed at sea or analyzed in
the laboratory, indicating that the operating environment did not affect instrument performance.
There was more variation of concentration in trace metals in replicate wet samples than in
replicate dry samples, because the latter were well ground and mixed after drying. However, the
relative standard deviation between both replicate wet and dry samples was very close to the
relative standard deviation of each measurement. This investigation demonstrated that the XRF
spectrometer can be used to rapidly screen for metal contamination with a minimum of sample
handling and preparation.

CONCLUSIONS

XRF provides precise and rapid measurements at detection levels relevant to concentrations
indicative of pollution for a wide range of metals. A field-portable XRF spectrometer can
perform well on board survey vessels and generate data from sediment grabs in a time frame that
could guide on-site decision-making for mapping strategies and detailed sampling. Areas can
quickly be reinvestigated if necessary. Since XRF spectrometry is a nondestructive technique,
additional or confirmatory analysis of the same sample by an analytical laboratory is possible.
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INTRODUCTION

Since heavy metals are among the more toxic pollutants in the environment, metal contami-
nation in soils and sediments is an important environmental concern. Lead, for example, was
identified as a major contaminant at about 30 percent of 546 evaluated Superfund sites; and
arsenic, cadmium, chromium, and zinc were each of concern at about 15 percent of the sites
(Watson, Walsh, & Glynn, 1989). Heavy metals can reach the estuarine environment from
boating operations, from rivers draining densely populated and heavily industrialized areas,
and from nonpoint source runoff.

Rapid, simultaneous, multielement analysis can be performed using x-ray fluorescence
(XRF) spectrometry. XRF spectrometry is an extremely versatile nondestructive analytical
technique, which measures the emission of characteristic x-rays that occurs when atoms are
excited by an external source of radiation. The energy and intensity of these x-rays identify and
quantitate the elements that are present. XRF spectrometry is capable of analyzing a wide range
of elements, usually from sodium to uranium, and has a dynamic range from ppm to 100 per-
cent, which encompasses typical element levels in soils. Minimal sample handling is required,
and the technique is economically attractive because it consumes no extra materials, such as
solvents or acids, and thus generates no additional hazardous wastes. Since the measurement is
nondestructive, key samples can be reanalyzed or measured by a different confirmatory tech-
nique.

Until recently, most XRF instruments were large heavy units that occupied significant floor
or bench space in a laboratory. Thus, samples had to be collected in the field and brought back to
the laboratory for analysis. Commercially available, truly field-portable instruments are an
emerging tool for the in-situ analysis of metals (Chudyk, 1989).

XREF spectrometry has been used for the analysis of both soils and sediments. Watson and his
coauthors (1989) used an on-site XRF spectrometer to map metal contaminants at Superfund
sites. Wheeler (1993) discussed the use of XRF spectrometry in rapid, muitielement determina-
tions of contaminated soil, as well as of hazardous waste fuels. In addition, Raab et al. (1991)
used a field-portable XRF spectrometer to map lead concentrations in situ at a contaminated site.

Vanderstappen and Van Grieken (1976) determined trace metals in sea sediments by
producing a slurry of water and sediment, then filtering the material onto Nucleopore filters and
determining trace metals on thin films. Their work showed an influx of heavy metals from rivers
draining heavily populated and industrialized areas. Skei et al. (1972) analyzed bottom sedi-
ments in a Norwegian fjord by drying and homogenizing the material to show the levels and
distribution of heavy metals around the source of industrial wastes. Prototype in-situ XRF sea
floor measurements at 100 meters were investigated by Wogman and his coauthors (1975) to
determine the applicability of the in-situ XRF analysis of seabed pollutants. The thickness and
strength of the required beryllium window seemed to be the limiting factor of the instrumenta-
tion.

The object of the present study was to evaluate the performance of a field-portable XRF
spectrometer for marine samples both in the laboratory, and more important, on board a small
research vessel for the near-real-time determination of metals in marine sediments. A compari-
son of the results obtained from the wet, bulk samples in the field and from the dry, homoge-
nized samples in the laboratory was of particular interest.




MATERIALS AND METHODS

Materials were analyzed by using a Spectrace 9000 portable XRF spectrometer (Spectrace
Instruments, Inc., Mountain View, CA; manufactured by TN Technologies, Round Rock, TX).
The instrument contains three radio. .otope sources—Fe-55, Cd-109, and Am-241—to provide
the excitation x-rays, and an electronically cooled solid-state mercury iodide detector (Singh,
1982) to measure the characteristic fluorescent x-rays. Manufacturer-supplied application
programs were used, with suitable modifications made to counting times. The performance of
the portable XRF spectrometer was tested in the laboratory against certified reference materials.

Marine sediment reference materials for trace elements PACS-1 and BCSS-1 were obtained
from the National Research Council of Canada (Ottawa, Canada). San Joaquin Soil 2709,
Buffalo River Sediment 2704, Montana Soil 2710, and Montana Soil 2711 were obtained from
the National Institute of Standards and Technology (Gaithersburg, MD). In measuring these
samples by XRF spectrometry, live count times of 100 seconds were selected for each of the
radioisotope sources.

On 1 July 1993, the portable XRF spectrometer was subjected to sea trials on board a small
research vessel, R/V Ecos, to demonstrate the near-real-time measurement of metals in San
Diego Bay. A Van Veen sediment grabber was deployed at five stations along three transects—A,
B, and C—near the site of Navy operations. The sediments were drained, dumped into stainless
steel trays, and stirred with a Teflon paddle. Three aliquots of the sediment were poured into
x-ray cups (Spex Industries, Inc., Edison, New Jersey), fitted with Mylar ends, and analyzed for
25 elements while the vessel was underway. Live count times of 20, 100, and 100 seconds for
the Fe-55, Cd-109, and Am-241 sources, respectively, were used to analyze the sediments. A
portion of the sediment was also collected in plastic tubes and frozen for subsequent analysis.
The defrosted sediment was dried at 110° C overnight, finely ground with mortar and pestle, and
reanalyzed in the laboratory. On 2 July, sediments were collected by colleagues on two more
transects—D and E—and along a cruise track, F, in a study region. These samples were stored
frozen in plastic tubes. The wet samples were defrosted, analyzed in the laboratory, then dried,
homogenized, and analyzed again.

The locations where the samples were taken and their physical states are reflected in the
designations of specific samples. For example, D12W is a sample from transect D, station 1, and
is the second replicate measured while wet. D12D is a dried sample from the same location.
D12W and D12D are subsamples of the same mixed sediment grab; they are not the same
sample before and after drying.

RESULTS

Complex environmental issues, such as the extent and type of contamination, can be resolved
with rapid on-site analyses. On-site decision-making can save a great deal of time, money, and
effort. The portable XRF spectrometer has the potential of being ideal for field-screening soils
and sediments because the analysis is rapid and covers a wide selection of elements over a large
concentration range. Figure 1 illustrates this capability by comparing the stated detection limits,
DL XREF, for XRF spectrometry (TN Technologies, 1992) with the concentrations of selected
trace elements shown as average crustal abundances (CRC Handbook, 1992), low and high
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Figure 1. Trace elements in sediments.

concentrations in nonpolluted (NP) soil (Baudo, Giesy, & Muntau, 1990), and sediment quality cri-
teria (SQC) for Wisconsin (Baudo et al., 1990) and Washington State (Burton, 1992). Copper, zinc,
mercury, arsenic, lead, cadmium, and chromium were chosen for comparison because of the avail-
ability of certified data. For most of these elements, the detection limits of XRF spectrometry are
below naturally occurring or desirable levels. However, for mercury, cadmium, and probably arse-
nic, XRF spectrometry had poor detection limits and can only be used to determine elevated con-
centrations of those elements at highly contaminated locations.

The particular instrument we used is ruggedly packaged for field use and entirely self-
contained. The instrument is compact and consists of a multichannel analyzer (13 by 14 by
4 inches) connected by a 6.7-foot cable to the probe assembly, which can be hand-held or
mounted upright for benchtop operation. Its total weight of less than 20 pounds and small size
make it truly field-portable. The instrument can provide fast, simultaneous analysis of up to
25 user-selected elements.

The most important shortcomings of XRF spectrometry are the so-called matrix and
particle-size effects. These interfering effects, which can seriously limit the accuracy of analysis,
consist of variations in the fluorescent intensities of the excited elements due to the chemical
composition and granulation of the sample. We performed quantitative analysis using a built-in
Fundamental Parameters (FP) program, based on the method of Criss, Birks, and Gilfrich
(1978). FP purports to eliminate the need for a large number of standards or for site-specific
standards by automatically correcting for any matrix enhancement or absorption effects based on
stored physical constants. The second problem of grain size, although a subject of much theory
(Lubecki et al., 1968), is usually handled by the slow and laborious steps of drying, grinding,
sieving, and possibly pelletizing the samples.

The performance of the portable XRF spectrometer was first tested on certified reference
materials in the laboratory. Since certified marine reference sediments are few in number, we




added a river sediment and several soil samples to the experiment. PACS-1 and BCSS-1 are
marine reference sediments with high and low trace metal contaminations, respectively. Standard
Reference Material 2704 is Buffalo River sediment; Standard Reference Material 2709 is San
Joaquin soil, both with baseline trace element concentrations. Standard Reference Materi-

als 2710 and 2711 are Montana soils with highly elevated and moderately elevated trace element
concentrations, respectively.

Figures 2a through 2f show the certified concentrations versus the results of XRF measure-
ment for the major elements—calcium, potassium, titanium, and iron—using two manufacturer-
supplied application programs for soil, XRF-1 and XRF-2. The error bars indicate the standard
deviations of the measurements. The concentration levels were much higher than the stated
detection limits for the XRF spectrometer. Generally, the measured results were close to the
certified concentrations. The first application program was developed for laboratory-processed
samples; the second application program contains modifications for field use to accommodate
irregularities in naturally occurring grain size distributions and is known to produce low results
for some element concentrations with finely ground materials (personal communication, TN
Technologies).

Figures 3a through 3f show the results for copper, zinc, and lead in the reference sediments
and soils. These elements were selected for comparison because they were certified in all the
reference materials and are of environmental concern. Note that the ordinate axis changes scale
on these figures so that the error bars are not misleading. The reported detection limits for
copper, zinc, and lead in soils by the Spectrace 9000 XRF spectrometer are 44 ppm, 35 ppm, and
14 ppm, respectively. Certified concentrations of copper and lead in BCSS-1 and Soil 2709 were
below the detection limit, as reflected in figures 3b and 3d. PACS-1, Soil 2704, Soil 2710, and
Soil 2711 showed good agreement between the certified values and the XRF values obtained
with both application programs, as shown in figures 3a, 3c, 3e, and 3f, respectively. Variations
between certified and measured values may be the result of grain distributions or experimental
error in the preparation of sample measuring cups. Because of this generally good performance
with certified reference materials, we were optimistic of good field performance.

For field testing, the Spectrace 9000 was placed on board R/V Ecos, a 40-foot survey craft
with 200 square feet of laboratory space. XRF measurements were made on sediments collected
during a survey in San Diego Bay along four transects and one survey line in areas of Navy
activity.

We had the following objectives: (1) to explore the variation of replicate wet samples from
the same sediment grab; (2) to compare the analysis of the natural wet samples with dried,
homogenized samples; and (3) to demonstrate the feasibility of obtaining very rapid metals
analyses on site. Since the sediment was too wet to place the probe directly into it, samples were
transferred into prepared x-ray sample cups for measurement. Data were collected on the
instrument software and also, for purposes of demonstration and the safety of the data, were
continuously transferred to a personal computer. We used the second of the two application
programs, which was intended for field analysis.

We encountered only one minor problem. The personnel manning the sediment grabber were
very efficient in their sample collection, and eventually our triplicate measurements, 220 seconds
of live counting for each sample, lagged sample collection. As a result of this data lag, we were
still measuring as the vessel returned home at a full speed of about 14 knots. The resulting
motion intermittently caused the instrument to take repeated measurements of the same sample.
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The probe has an additional start button for remote (6 feet) measurements, which was apparently
being activated by vibration. This indicates either that the instrument should not be operated while
this vessel is going full speed or that some sort of vibration damping should be used. Later data
reduction showed that triplicate measurements in the field are probably not necessary; thus, mea-
surements could have been easily completed at survey speeds.

The complete data set can be found in Appendix A. The following elements were measured:
potassium, calcium, titanium, chromium, manganese, iron, cobalt, nickel, copper, zinc, arsenic,
selenium, strontium, zirconium, molybdenum, mercury, lead, rubidium, cadmium, barium,
silver, uranium, thorium, antimony, and tin. The American Chemical Society (Keith et al., 1983)
has defined the limit of detection (LOD) as the lowest concentration level that can be determined
to be statistically different from a blank; LOD is further defined as three times the standard
deviation of a series of blanks (3 ©). Ten 0 is often considered the limit of quantitation (LOQ)
and is the level above which quantitative results may be obtained with a specified degree of
confidence. The region between 3 and 10 0 is considered to be the region of “less certain
quantitation.” LOD and the LOQ correspond to a relative standard deviation (RSD) of 33 and
10%, respectively. Therefore, values having an RSD of greater than 33% on a single sample
(listed along the rows for each element) are best described as “not detected”; they are not zero,
but merely below the sensitivity of the instrument. The RSD values for replicate samples (shown
in the first column below the mean of the replicates) best describe sample heterogeneity at the
site. In addition, owing to the large quantity of data that had to be stored, full XRF spectra could
not be obtained for each sample. Element identification was assigned by instrument software.
We did not have the chance to examine the spectra to determine whether a correct identification
had been made or whether interferences may have caused an incorrect element assignment.

Therzs was no difference in data quality, expressed as RSD of either the instrumental
performance or replicates, between wet samples analyzed at sea or analyzed in the laboratory.
Table 1 shows representative data for four of the 25 elements analyzed. Transect D was selected
for illustration purposes because we had determined its water content in the laboratory; to limit
the physical size of the table, data are truncated to four stations only. We chose potassium (1-2%
abundance), titanium (0.2-0.4% abundance), barium (0.02% abundance), and lead (0.001%
abundance) to demonstrate the typical performance of the portable XRF spectrometer over a
range of concentrations. The XRF detection limit (DET LMT) for a 200-second count time for
each source, concentration in ppm, and the RSD of the measurement, i.¢., the counting statistics,
for each separate sample analysis are shown for each element. The concentrations of the
elements for each station in both wet and dried samples, the RSD of the measurement, and the
mean element concentrations of the replicates and their RSD, are also shown. The relative
standard deviation is the standard deviation divided by the mean, multiplied by 100, to express
the value as percent.

In both wet and dry samples, the RSD between replicate samples, shown in the column
below the mean, was very close to the RSD of each measurement, shown in the row to the right
of the concentration, for potassium, titanium, and barium. More variation was found for lead
because of the lower concentrations, and because the lead is anthropogenic and heterogeneously
distributed. The water content of the samples varied from approximately 30 to 60%. Variations
in elemental concentrations between wet and dry samples did not correlate with the water

11




Table 1. XRF analysis of selected elements in wet and dry samples.

Station and K K, T, Ti, Ba, Ba, Pb, Pb,
Parameters ppm RSD ppm RSD ppm RSD ppm RSD
DET LMT 161 55 9 14

STATION

Dl1W 11073 6 2631 8 175 5 59 4
D12wW 9782 6 2046 11 142 5 18 67
D13wW 11721 6 2574 9 141 5 36 33
MEAN D1 10859 2417 153 38

RSD 7 11 10 45

D11D 21709 4 3996 7 257 4 32 34
D12D 22900 4 4588 6 23 4 16 75
D13D 23377 4 4886 6 286 3 25 52
MEANDI | 22662 4490 255 y/ !

RSD 3 8 10 27

D21W 15555 5 301 8 170 5 19 63
D22wW 16798 4 3135 8 184 4 27 48
D23wW 15405 5 3345 7 183 4 0 N/A
MEAND2 | 15919 3164 . 179 15

RSD 4 4 4 74

D21D 22011 4 4633 6 208 4 27 44
D22D 22842 4 4134 7 219 4 0 N/A
D23D 22089 4 4233 7 183 4 13 85
MEAND2 | 22314 4333 203 13

RSD 2 5 7 83

D31W 16784 5 354 7 266 3 0 N/A
D32wW 17046 4 3394 7 235 4 18 67
D3I3W 14409 5 2577 9 243 4 20 60
MEAND3 | 16080 3172 248 13

RSD 7 13 5 71

D31D 21658 1 3471 8 248 4 28 46
D32D 21922 4 4757 6 270 3 40 33
D33D 21359 4 4254 6 276 3 0 N/A
MEAN D3 21646 4161 265 23

RSD 1 13 5 74

D41W 11592 6 232 9 331 3 0 N/A
D42wW 11132 6 2531 8 342 3 33 36
D43wW 12181 5 284 75 338 3 0 N/A
MEAND4 | 11635 1682 337 11

RSD 4 59 1 141

D41D 17299 5 2897 -4 363 3 16 69
D42D 16439 5 2503 9 305 3 0 N/A
D43D 18166 4 314 7 272 3 12 83
MEAND4 | 17301 2841 313 9

RSD 4 9 12 73

content. Wet-to-dry-element concentration ratios were approximately 0.5 for the lighter major
elements, but approximately 1.0 for the heavier trace elements. There was more variation of con-
centration in trace metals in replicate wet samples than in replicate dry samples, because the latter
were well ground and mixed after drying.
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Based on the discussion above concerning the reliability of the data, the values for potas-
sium, titanium, and barium are well above the LOQ); values for lead are mostly uncertain both
for counting statistics of the individual samples and in variation among subsample measure-
ments. The reliability of the lead data could be improved by increasing the count time of the
Cd-109 source to 200 seconds. Recently, Raab et al. (1991) were strongly in favor of the use of
field-portable XRF spectrometers. A single site screening will pay for the costly instrument,
provide immediate on-site results for many measurements, and restrict necessary physical
sampling to those areas where the field values are below 10 0. Raab and his coauthors also
emphasize that the portable XRF spectrometer is a valuable screening tool. These authors found
that inductively coupled plasma atomic emission spectrophotometry (ICP) analyses yield metal
concentrations lower than those produced by XRF measurements; they attribute this result to the
fact that the sediment digestions performed by strict contract laboratory program (CLP) protocol
are incomplete. We also found that ICP results, obtained by an outside CLP laboratory, were
lower than XRF results for many elements; however, good agreement was found for copper,
zinc, and lead.

Figure 4a is a map of San Diego Bay with transects A through E and cruise track F. Trans-
ects A through E were conducted in San Diego Bay off the San Diego Naval Station. Transect A
started 100 yards into Chollas Creek, which is the demarcation between commercial piers and
the Navy facility. A San Diego industrial area, with many private shipyards, is to the north of
transect A. Transect B started between Piers 3 and 4. Transect C started at Polleta Creek between
Pier 8 and the Mole Pier. Transect D started between Piers 11 and 12. Transect E started in the
Turning Basin near Pier 14. The five stations for transects A through E were each sampled at the
following locations: (1) near the quay wall, (2) at the end of the piers, (3) in the middle of the
channel, (4) at the edge of the channel, and (5) in the middle of the bay. Cruise track F was
conducted around the Naval Amphibious Base, where stations 1 through 5 were randomly
selected as shown.

We selected copper, zinc, and lead, as measured by XRF spectrometry in wet sediments, to
construct sediment concentration maps for the area of San Diego Bay that we studied; these are
shown in figures 4b, 4c, and 4d, respectively. These metals consistently appeared in the samples
significantly above the XRF detection limits; and the relative standard deviations between

‘replicates indicated that we were not looking at an isolated, spurious occurrence of the metal.
The X and Y axes of the plots are decimal degree minutes of latitude 32 and longitude 117,
respectively. These contour maps are oriented with respect to San Diego Bay. The quay wall of
transect A lies at the hidden corner of the contour map; the quay wall of transect E lies to the top
right. Copper, zinc, and lead concentrations are highest at Chollas Creek near the shore and
decrease toward the center of the channel and beyond. The noticeable decrease in concentration
at the end of the piers may simply indicate perturbations owing to current flow around the piers
or be related to grain size distributions, caused by currents around the piers. Current flow and
land runoff may cause differential transport of sediment fractions. Anthropogenic heavy metals
are known to adsorb predominantly on the fine clay and silt fractions of sediment (Ackermann,
1980). Copper concentration is again elevated at transect E, just south of which a copper ore
spill occurred at Paco terminal some years ago; this area is currently being dredged.
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CONCLUSIONS

XRF spectrometry provides precise and rapid measurements at detection levels relevant to
concentrations indicative of pollution for a wide range of metals. A field-portable XRF
spectrometer can perform well on board survey vessels and generate data from sediment grabs in
a time frame that could guide on-site decision-making for mapping strategies and detailed
sampling. ’

We demonstrated selected trace metals in San Diego Bay as a mapping application of XRF
spectrometry. Areas can quickly be reinvestigated if necessary. Since XRF spectrometry is a
nondestructive technique, additional or confirmatory analysis of the same sample by an analyti-
cal laboratory is possible.
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XRF FIELD TEST--SEA TRIALS—JULY 1, 1993

STATION
(Sample)

AltwW
A12wW
A13W
MEAN A1
STD DEV
RSD

A21W
A22w
A23W
MEAN A2
STD DEV
RSD

A31W
A32w
A33W
MEAN A3
STD DEV
RSD

Ad4IW
Ad2w
AW
MEAN A4
STD DEV
RSD

AS1W
ASa2w
AS3W
MEAN AS
S$TD DEV
RSD

Cr
PPM

0
235
0
78
m
141

0000 §°°O°°

£
>

goos

116
141

<
;OOOOO

Cr
Std Dev

0
207
0

[~ - ¥ -

(- X - -]

(- - -]

Appendix A
FIELD ANALYSIS DATA
Cr K K K
RSD ppm StdDev  RSD
N/A 11133 639 6
88 10852 633 6
N/A 11129 640 6
11038
132
1
N/A 13013 677 5
N/A 12877 672 5
N/A 14020 699 5
13303
510
4
N/A 10105 614 6
N/A 11364 644 6
N/A 10906 633 6
10792
520
5
83 10996 639 6
N/A 11816 659 6
N/A 11139 643 6
11317
358
3
N/A 9498 603 6
N/A 9918 613 6
N/A 10759 635 6
10058
524
5

A-1

Ca
ppm

11375
11670
11887
11644
210
2

7883
6833
7991
7606
477
6

10562
11375
10696
10878
356
3

13983
14992
14328
14434
419
3

13795
13164
15021
13993
™

Ca
Std Dev

410
415
418

£8%

396
411

fzd

B&8

Ca
RSD

W Ww L W aaunm

WL




XRF FIELD TEST--SEA TRIALS—JULY 1, 1983

STATION
(Sample)

B1tW
B12wW
B13W
MEAN B1
STD DEV
RSD

B21W
822w
B23W
MEAN B2
STD DEV
RSD

831w
B32wW
B33W
MEAN B3
STD DEV
RSD

B4IW
Ba2w
BA3W
MEAN B4
STD DEV
RSD

BS1W
BS2wW
BS3W
MEAN BS
STD DEV
RSD

Cr
Ppm

gOOOOO §°°°°° §°°°°° §O°°°° §°°O°°

Cr
Std Dev

(-2 - I -] (- - -] (- - N -

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

12238
12461
10834
11844
720
]

11942
11743
13318

K
Std Dev

N§t §23 §88

g2

K
RSD

10160

8129
201

11009
11907
11107
11341

11975
13292
12360
12542

Ca
Std Dev

340
330
336

§8% §8¢ §83

RE&3

Ca
RSD

LI W L3 I 3 LI I 3

(Z "




XRF FIELD TEST—SEA TRIALS-—-JULY 1, 1983

STATION
(Sample)

Cl1iw
ciaw
ci1aw
MEAN C1
STD DEV
RSD

c21w
Caw
ca3w
MEAN C2
STD DEV
RSD

C3tw
caaw
C33w
MEAN C3
STD DEV
RSD

Caw
Ca2w
Caw
MEAN C4
STD DEV
RSD

Cs1w
Ccsaw
Cs3w
MEAN C5
STD DEV
RSD

Cr

ppm

= < = - 4 <
g§°§ ;OOOQO ;OOOOO ;OOOOO ;OOOOO

111
ra

Cr

Std Dev

000 (- - -4 000

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A

N/A
)

K
ppm

12275
13383
12094
12584
570
]

11390
11842
11673
11635
186

14948
122
13165
13635
941

12296
12723
13278
12766

10173
11707
12377
11419

K
Std Dev

gg3

719
674

g§38

615
651

K
RSD

Ca
PPmM

10238

Ca
Std Dev

378

397
382

697

710

§89

375

388

Ca
RSD

4
4
4

b o b b NN

bbb




STATION
(Sample)

AW
At2w
A13W
MEAN A1
STD DEV
RSD

A1W

MEAN A2
STD DEV
RSD

AW

MEAN A3
STD DEV
RSD

AW

AW
MEAN A4
STD DEV
RSD

AS1W
MEAN AS

STD DEV
RSD

ppm

1784

2116
317
15

2134

2075
2185
116

1796
1715
1815
1778

2

Ti
Std Dev

218
221

231

210
215

212

210

187
187
196

Lt
RSD

10
8
1}

10
12

10

10

10
1"
1"

Mn
pPM

770
511
429
570
145
25

-l
-l

BgEEEE ~n8IEE

33 E;

138

Mn
Std Dev

203
195
191

201
196

188
188
186

R88

191
190
174

A-4

Mn
RSD

R R - 888 888

832

Fe
Ppm

22037
22808
23066
22637
437
2

31164
28394
29411
29990
830
3

23150
22451
23948
23183
612

21082
21482
21240
21268
164

178577
17986
18045
17869

Fe
Std Dev

446
455
457

517
518

33 585

§8¢8

Fe
RSD

2
2
2

NN NN NN

DN




STATION
(Sample)

B11wW
B12w
B13W
MEAN B1
STD DEV
RSD

21w

B23W
MEAN B2
STD DEV
RSD

B31W

MEAN B3
STD DEV
RSD

Bd1W

BAIW
MEAN B4
STD DEV
RSD

BS1W
MEAN BS

STD DEV
RSD

n
ppm
1848
2059
2190
2032
141
7
2004
2504
2582
2303
214
]
2899
2278
2625
2601
254
10
2361
2400
3103
2621
N
13
1799
1638
1539

1659
107
6

Tl
Std Dev

214

214
219

219
220
226

224
218

221

190
185
188

LL
RSD

12
10
10

~N©® o

1
1"
12

Mn
ppm

768
767
612
716

10

Mn
Std Dev

194
196
204

191
199

288

195
192
191

19
196
189

A-5

Mn
RSD

49
39
30

SR S

238

-3 R
—-h

Fe
Ppm

33168
33264
31542
32658
790
2

28715
2r710
28247
28224
411

31665
31428
31368
31487
128

26128

27606
26741
629

18250
19573
19017
189847

Fe
Std Dev

548
549
533

ggm
-l
(-]

487
492

28%

Fe
RSD

2
2
2

NMNNN NMNNN NNRN

NN




STATION
(Sample)

C1iw
Ciaw
Cuaw
MEAN C1
STD DEV
RSD

C2iw
MEAN C2
STD DEV
RSD
W
MEAN C3
STD DEV
RSD
caiw
MEAN C4
STD DEV
RSD
Csiw
MEAN C5

STD DEV
RSD

BRE

231

231

883

1"
10

O ~N®

18
16

b
o

Mn
Std Dev

200
197
212

RE8

213
201

g¥3
-h
-]

A-6

19

18

2

10
1"

21
1
1"

Fe Fe
ppm Std Dev
30424 526
30492 529
29352 516
30089
522
2
27270 512
27850 520
27347 515
27489
257
1
33478 556
36059 577
33608 555
34382
1187
3
33445 553
25888 485
25971 487
28435
3543
12
15750 376
13720 354
13834 355
14435
931

Fe
RSD

2
2
2

DN NN NN

(2" N




STATION
(Sample)

AW
A12wW
AW
MEAN A1
STD DEV
RSD

A21W

A23W
MEAN A2
STD DEV
RSD

AW
MEAN A3
STD DEV
RSD
AdIW
MEAN A4
S$TD DEV
RSD
ASIW
MEAN AS

STD DEV
RSD

Co
ppm

115

141

192

91
141

Co
Std Dev

161

141

Co
RSD

N/A

N/A
4

N/A

N/A

N/A
N/A

N/A
N/A

N/A
N/A

NI
ppm

4 2z 2 r 4 =
$o0000 Fooooco fooooo Fooooo ag8Bdoo

Std Dev

(-2 - ¥ -] (-3 - N -] 000

(- - -]

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Cu
ppm

ggso§ %ooaco

[ ]
-l

aNg3gs

oo

1"
16

Ng8oo

-t
o
-

Cu
Std Dev

ol ©ooo

8&8a

Cu
RSD

N/A

N/A
N/A

N/A

&8R8

N/A
91
N/A

N/A
N/A




STATION
(Sample)

B11wW
B1aw
B13W
MEAN B1
STD DEV
RSD

B21W
MEAN 82
STD DEV
RSD
a3tw
MEAN B3
STD DEV
RSD
BaIW
MEAN B4
STD DEV
RSD
BS1W
MEAN BS

STD DEV
RSD

Co
ppm

& wh b 4 <
;OOOOO §°°°°° =sg§°° ;OOOOO ;OOOOO

Co
Std Dev

oo

(- - -

Co
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

YR Joo §ooooo §

i¥s8ec2 =

...° 2 -
pry ﬂSQ.sQ
(-] -i [ -]

3583

Ni
Std Dev

0
0
0

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

81

Cu
PPm

3E3Y

n

101

3

161

—=h -b
2Bacog 8R2

N¥8EBo

Cu
Std Dev

44
44
42

888

8849

URBe

Cu
RSD

17
16
20

8Ra

R&8

N/A
N/A

88




STATION
(Sample)

Cuw
Ciaw
cilaw
MEAN C1
STD DEV
RSD

Ca1w
MEAN C2
STD DEV
RSD
CIw
MEAN C3
STD DEV
RSD
Caw
MEAN C4
STD DEV
RSD
cs1w
MEAN C5

STD DEV
RSD

141

1074
1072
917
221
24

810
1220
1021
1017

167

16

Co
Std Dev

176

187
192
187

187
185
185

150
156
151

Co
RSD

N/A
N/A

N/A
N/A
N/A

838

31
17
17

19
13
15

141

361
21
154

150

179
110

NI
Std Dev

N8e

89

N/A

N/A

N/A
75
N/A

N/A
N/A

z
SRS

N/A

8

Cu
ppm
134
215
150
166

21

18

141

Cu
Std Dev

&8

31
31

Cu
RSD

19

N/A
N/A

N/A

45

LS




STATION
(Sample)

AW
A2w
A13W
MEAN A1
STD DEV
RSD

A21W

MEAN A2
STD DEV
RSD

AW

A33W
MEAN A3
STD DEV
RSD

AdIW
MEAN A4
STD DEV
RSD
AS1W
MEAN AS

STD DEV
RSD

211
13

131

115

118
12

146

& 58888

75
109

14

Zn
$td Dev

282 2R8 K88 888

Zn
RSD

28
17
17

16
16
18

&&n ke

N4K

As
Std Dev

88e

000

18
18

A-10

As
RSD

N/A

N/A
N/A
N/A

N/A
N/A

982

N/A
N/A

Se
ppm

16
16
19
17

%OOOOO

Se
Std Dev

000

1
12

1
11
"

N/A
N/A

N/A
N/A
N/A

N/A
61
61

833

N/A
N/A
N/A




B31W

MEAN B3
STD DEV
RSD

Ba1W
MEAN B4
STD DEV
RSD
BS1W
MEAN BS

STO DEV
RSD

84

LRIBES

Zn
Std Dev

a4
41
38

@8¢ 888 88K

88Y

Zn
RSD

10

12
15

21

21

17
17
17

16
21

288

As
Ppm

"
16
141

BaRR&e

Joflo IBB2Ro

-d
a R

As
Std Dev

A-11

As
RSD

N/A
N/A

N/A
N/A

£8Z

352

N/A

N/A

A
S PONO
pry

2oolo

141

Se
RSD

N/A

N/A
N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A




STATION
(Sample)

Ciw
ciaw
cCiaw
MEAN C1
STD DEV
RSD

cw
MEAN C2
STD DEV
RSD
W
MEAN C3
STD DEV
RSD
caw
MEAN C4
STD DEV
RSD
Cs1wW
MEAN CS

STD DEV
RSD

Zn
Std Dev

8Rs 288

2By

Zn
ASD

14
15
16

B8

SRy

17
19

gRa
-l

As
ppm

col BILBEYN UiBo88 Foocococoe

As
Std Dev

17
17

17
16
16

A-12

As
RSD

N/A
N/A
N/A

&9

N/A

H
-l

51
N/A
N/A

g8 e

Se
Std Dev

12

12

12
12

10
1"

N/A
N/A

N/A




STATION Sr Sr Sr Zr Zr Zr Mo Mo Mo
(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD

AW 216 9 4 241 6 2 0 0 N/A
Al2w 74 9 4 231 6 3 3 3 87
AW 214 9 4 29 7 3 0 0 N/A
MEAN A1 217 237 1

STD DEV 3 4 1

RSD 1 2 141

AW 133 8 6 137 5 4 0 0 N/A
A22wW 120 7 6 133 5 4 0 0 N/A
A23W 165 8 5 187 6 3 0 0 N/A
MEANA2 139 152 0

STD DEV 19 25 0

RSD 14 16 N/A

AW 196 9 4 134 S 4 0 0 N/A
A2w 184 9 5 140 5 4 3 2 73
AW 212 9 4 99 s 5 o 0 N/A
MEANA3 197 124 1

STD DEV 1" 18 2

RSD ] 15 141

AW 215 9 4 142 S 4 0 0 N/A
Ad2w 242 10 4 170 6 3 0 0 N/A
AW 220 9 4 160 6 3 ) 0 N/A
MEANA4 226 157 0

STD DEV 12 12 0

RSD ] 7 N/A

ASIW 258 10 4 129 L] 4 3 2 68
AS2w 232 9 4 149 5 4 3 2 70
ASIW 254 10 4 133 5 4 0 0 N/A
MEANAS 248 137 2

STD DEV 1 9 2

RSD S 6 k4

A-13




STATION
(Sample)

B1IW
B12w
B13W
MEAN B1
STD DEV
RSD

B21w

MEAN B2
STD DEV
RSD

B31W

B33W
MEAN B3
STD DEV
RSD

BAIW
MEAN Ba
STD DEV
RSD
851w
MEAN BS

STD DEV
RSD

Sr
ppm

116
118
m
118

180

170
188
15

127
149
137
138
9

184

g

182
190
10

N
wlh
©o

231t

Sr
Std Dev

7
7
7

© ©0 o W o~ (N -

Sr
RSD

abn

L

Zr
ppm

114
102

13
13

143
158
157
1583

122
135
129
129

Zr
Std Dev

4
S
4

nom an s fanonm

A-14

Zr
RSD

[~ " 2 L W] o b

L

Mo
ppm

AN=2200 gdNNMNVWRO B2auaso0wo éooooo

SN2 bOO

-h

Mo
Std Dev

Wwoo Wwo OWwo (-3 - N -]

NOO

N/A

N/A
N/A

N/A
N/A

88 Z

N/A
N/A
75

N/A
N/A




STATION
(Sample)

cuw
ciaw
ciaw
MEAN C1
STD DEV
RSD

c21w
MEAN C2
STD DEV
RSD
C31wW
MEAN C3
STD DEV
RSD
Caiw
MEAN C4
STD DEV
RSD
Cs1w
MEAN C5

STD DEV
RSD

Sr
PPM

18
162
168

-b -d
g «vBEBY w3

188

162

167
16
10

126
124
114
121

182
181
176
180
3

Sr
Std Dev

9
8
8
10

10
10

NN~ N N ]

Sr
RSD

- - Ry o bbb

aAdbd

131
135
141
136

154
116
119
130
17
13

121
105
12
1"
110

100
101

114

-h b
b b

o by

A-15

Zr
RSD

L3 3 o hd

and

Mo
pPpPmM

Bowvwowo

£
>

§°°°°° §°°°°O §°°°°°

Mo
Std Dev

000 (- - 000 WwNOo

N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

AW
A12W
A13W
MEAN A1
STD DEV
RSD

A2tW
MEAN A2
STD DEV
RSD
AW
MEAN A3
STD DEV
RSD
AW
MEAN A4
STD DEV
RSD
ASIW
MEAN AS

STD DEV
RSD

Hg

Hg Hg Pb Pb
Std Dev RSD ppm Std Dev
1] N/A 33 12
26 53 s7 13
0 N/A 48 13

48
10
21
27 gl 92 15
0 N/A 79 14
0 N/A 86 1§
86
5
6
0 N/A 25 1
25 7 0 0
0o . N/A 31 12
19
13
72
0 N/A 26 1"
0 N/A 0 ]
25 59 0 ]
9
12
141
] N/A 34 1
0 N/A 0 0
0 N/A 0 0
1"
16

141

A-16

Pb
RSD

17
18
17

&

N/A

N/A
N/A

N/A
N/A

Rb
ppm

3
74
74

RoRB88E ©00883dd 20RJRY -—od

LICE & X R

Rb
Std Dev

oo~

Rb
RSD

12
12
12

12
1
1

12
12
14

15
14
18

15
14
13




STATION
(Sample)

B1IW
B12W
B13W
MEAN B1
STD DEV
RSD

B21W

MEAN B2
STD DEV
RSD

831w

MEAN B3
STD DEV
RSD

B41W

B4A3W
MEAN B4
STD DEV
RSD

BS1W
MEAN BS

STD DEV
RSD

o
]

4
;OOOOO §

23ecYo

oo §ooooo

-k
od =b
So=

<
;OOOOO

Hg
Std Dev

000

Hg
RSD

N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

33

-h
X
0

BoBaBY Ne2iad RoRRVR HKNIS

-d
2a3~Roo

Pb
Std Dev

14
16
13

12
12
12

13
12
12

1
12
1

A-17

Pb
RSD

21
14
26

K88 838

84

N/A
N/A

Rb
ppm

wnIFYE 023938

-h
°f
Y

2oJdRIR ongy

8828

Rb
Std Dev

10
9
9

10
10

~N~N®

10
1
1"

12
12
12

1
10
10

13
12
1"

13
18
16




STATION
(Sample)

cu1w
Ciaw
claw
MEAN C1
STD DEV
RSD

cxw

MEAN C2
STD DEV
RSD

caw

cw
MEAN C3
STD DEV
RSD

Caw

caw
MEAN C4
STD DEV
RSD

Csiw
MEAN C5

STD DEV
RSD

Hg
ppm

4
>O°°°O

ooNoo

141

Baogo %coooo

14

dalRey

Hg
Std Dev

(- 3 ~ Y -]

000

oo

Hg
RSD

N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A

Pb
ppm

Rangzayd

£
>

15

Pb
Std Dev

14
13
15

000

13

1

12
13
12

000

A-18

Pb
RSD

19

17

N/A
N/A
N/A

8

N/A

388

N/A
N/A
N/A

Rb
pPPM

23

823282 ~voBYB8 0wBgBLER ool

Bo8BB2

Rb
Std Dev

10
10

NN~

Rb
RSD

13
13
11

15
15
13

1"
11
12

11
12
15

17
24




STATION
(Sample)

AW
Al12w
A1IW
MEAN A1
STD DEV

A2tW

MEAN A2
STD DEV
RSD

A3tW
MEAN A3
STD DEV
RSD
AW
MEAN A4
STD DEV
RSD
ASIW
MEAN AS

STD DEV
RSD

141

g%§o§ %ooooo

74

cd cd Ba Ba
StdDev  RSD ppm  Std Dev

) N/A 392 10
42 38 381 10
0 N/A 386 10

386

4

1
a2 79 232 9
0 N/A 217 8
) N/A 254 9

234

15

6
39 63 238 8
) N/A 273 9
0 N/A 255 9

255

14

6
0 N/A 317 10
0 N/A 340 10
0 N/A 347 10

335

13

4
a9 54 302 9
0 N/A 305 9
a0 37 320 9

309

8

3

A-19

Wb

(A~ 7

WWww

Ag
ppm

~NoRRIN

on&83IN

@
S

202338 88198

888323

Ag
Std Dev

8y R R >3y

R R

Ag
RSD

28
34
31

sl &80 289

483




STATION
(Sample)

B1IW
B12w
813w
MEAN Bt
STD DEV
RSD

B21W

B23W
MEAN B2
STD DEV
RSD

Ba1W
MEAN B3
STD DEV
RSD
BA1W
MEAN B4
STD DEV
RSD
BS1W
MEAN BS

STD DEV
RSD

0
a

cocoo 3

gooooo rEX- 1R \:

gRoo

-t
&
-i

<
;OOOOO

Cd Cd
Std Dev RSD
0 N/A
0 N/A
0 N/A
42 46
0 N/A

42 n
0 N/A
0 N/A
0 N/A
L )| 58
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A

Ba
Std Dev

7
7
7

A-20

W W o b (2"

WL

Ag
ppm

95
102

Ag
Std Dev

26
27
26

B8R ¥}y R RS

R R

Ag
RSD

238 g8 -3 3]

a8y




STATION
(Sample)

c1iw
ci1aw
Ci1aw
MEAN C1
STD DEV
RSD

C1w

MEAN C2
STD DEV
RSD

Cw

MEAN C3
STD DEV
RSD

Caw

Caaw
MEAN C4
STD DEV
RSD

csiw
MEAN C5

STD DEV
RSD

Cd

§°O°OO §

8Bogfo

-h
H
--

z z -h -h
$oo0o000 fooooco afyozo

Cd Cd Ba Ba
Std Dev RSD ppm Std Dev
0 N/A 250 9
o N/A 261 9
0 N/A 247 9

253
6
2
0 N/A 453 12
44 52 410 7"
0 N/A 385 1
419
25
6
] N/A 214 8
44 40 236 9
1] N/A 246 9
232
13
6
0 N/A 197 8
0 N/A 191 8
0 N/A 203 8
197
]
2
0 N/A 330 9
0 N/A 289 9
0 N/A 332 9
317
20
6

A-21

4
3
4

L3 3 3 o o (7" 7]

WWw

Ag
Ppm

RREzIL

: -
a8y

21

71
119
108

21
21

1111
110

74

ra)

Ag
Std Dev

27
27
27

N IR

¥BY

0

Ag
RSD

ERE ERY 888

M

N/A




STATION
(Sample)

AW
A12w
AW
MEAN A1
S$TD DEV
RSD

A21W
MEAN A2
STD DEV
RSD
AW
MEAN A3
STD DEV
RSD
AW
MEAN A4
STD DEV
RSD
AS1W

MEAN AS
STD DEV

v
ppm

12

141

hoawgoo %ooooo

-h

anwgoo

141

§O°°°°

v

Std Dev

(- I - Y - ~Noo (- 3x -0 - ] oONo

U
RSD

N/A

59
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A

N/A

Th
ppm

21
14
13
16
3
2

13
14
10
12
2

15

-h -b b
gN~NJoa gdNolgo

do~N~Ngo

o oo

s bo

A-22

3 3 £8&8

g2

100
N/A

T

o %OOOOO

--
~

sb
ppm

boOOO

-l
-h

& = <
;OOOOO ;OOOOO ;OOOOO

Sb
Std Dev

(-2~ I -]

N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

B11W
B12w
B13wW
MEAN B1
STD DEV
RSD

B21W

B23w
MEAN B2
STD DEV
RSD

B3tW
MEAN B3
STD DEV
RSD
BalW
MEAN B4
STD DEV
RSD
851w
MEAN BS

STD DEV
RSD

(-] %OOOOO §°°°O° §°°°°° :gc

-h
o

b
b Wwo
-d

§°°°°°

8
o
H

oO~NO 000 (- -] (- - -

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A

Th
ppm

Noanvwow

§°°°°O

Th
Std Dev

4
4
4

L - 3 o b o b b

00

A-23

Th
RSD

41
92
38

£R8

18

61
N/A

N/A
N/A
N/A

sb
ppm

oNNoo %ooooo

-t
&Hn
-t

-4 4 --
§ooo000 fooooo _a.:enBoo

Sb
Std Dev

o000

(- 3X - X - ]

N/A
N/A
N/A

N/A
N/A
74

N/A
N/A

N/A
N/A
N/A

N/A
N/A
P A




STATION
(Sample)

C1iw
ciaw
Ciaw
MEAN C1
STD DEV
RSD

caw
MEAN C2
STD DEV
RSD
Cw
MEAN C3
STD DEV
RSD
Caw
MEAN C4
STD DEV
RSD
Cs1w
MEAN CS

STD DEV
RSD

PPM

C W X-X- = %ooooo

141

Jdogado %ooooo

RoRQBS

u
Std Dev

~N~No (- - -4 oo (- - -

NN

v
RSD

N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A

47

888

Th
ppm

b OGO

-l
-h

BoR49Boe BNPgals denvoeo

ReBB2L3

Th
Std Dev

aos b od o b O osdO

A-24

Th
RSD

N/A

N/A

N/A

388 1 Y|

238

16
17

Sb
ppm

2wool %ooooo

Z < - 4
;OOOOO ;OOQQO ;OOOOO

Sb
Std Dev

Sb
RSD

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sampie)

A1IW
A12wW
A13W
MEAN A1
STD DEV
RSD

AW
MEAN A2
STD DEV
RSD
AW
MEAN A3
STD DEV
RSD
AW
MEAN A4
STD DEV
RSD
ASIW
MEAN AS

STD DEV
ASD

i

< < 4 < &
;OOOOO ;OOOOO ;OOOOO ;OOOOO ;OOOOO

Sn
Std Dev

(- - N -} 000 000 000

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

B11W
Blaw
813w
MEAN B1
STD DEV
RSD

B21W

jakeel’. )

4 B2
5. DEV
RSD

B31W
MEAN B3
STD DEV
RSD
B41W
MEAN B4
STD DEV
ASD
BS1W
MEAN BS

STD DEV
RSD

Sn
ppm

< = = <
;OOOOO a\lt’lOO"a gOOOOO ;OOOOO ;OOOOO

Sn
Std Dev

000 (- - -

(-~ I -

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

A-26




STATION
(Sample)

c1iw
ciaw
Cc1aw
MEAN C1
STD DEV
RSD

caiw
MEAN C2
STD DEV
RSD
ChIw
MEAN C3
STD DEV
RSD
Caw
MEAN C4
STD DEV
RSD
Csiw
MEAN C5

STD DEV
RSD

O(IIOO; %OOOOO %OOOOO §O°°°° %OOOOO g

141

Sn
Std Dev

000 000 000

00

Sn
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

75
N/A
N/A

A-27




XRF FIELD TEST—SEA TRIALS-—JULY 2, 1983—WET SEDIMENTS-—LABORATORY MEASUREMENTS

STATION
(Sampie)

oW
Di2w
o1I3wW
MEAN D1
STD DEV
RSD

D21W
D22w
D23w
MEAN D2
S$TD DEV
RSD

D31W
D32w
D33w
MEAN D3
STD DEV
RSD

Da1wW
Da2w
Da3wW
MEAN D4
STD DEV
RSD

DS1W
Ds2w
DS3wW
MEAN DS
STD DEV
RSD

Cr
Ppm

£ £ £ £ £
§o0©000 foocococo Hooooo Sooocoo fooooo

Cr
Std Dev

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
Ppm

11073
9782
1"r21
10859
806
7

15555
16798
15405
15919
624
4

16784
17046
14409
16080
1186
7

11592
11132
12181
11635

10799
10178
12272
11083

K
Std Dev

634
603
647

ggd gaR

33

A-28

K
RSD

(L -] N b

Ca
ppm

7471

35

7541
414

Ca

Std Dev

345
353
338

n
391

883

461
478
415

Ca
RSD

5
4
5

Wwn o bbb o bbd

LN N7




XRF FIELD TEST--SEA TRIALS--~JULY 2, 1993-—-WET SEDIMENTS--LABORATORY MEASUREMENTS

STATION
(Sample)

E1W
E12w
E13W
MEAN E1
STD DEV
RSD

E21W
E22W
E23W
MEAN E2
STD DEV
RSD

E3W
E32w
E33W
MEAN E3
STD DEV
RSD

E41W
Eq2w
E4AW
MEAN E4
STD DEV
RSD

ES1W
ES2wW
ES3W
MEAN ES
STD DEV
RSD

Cr
ppm

& < 4 < - 4
;OOOOO ;OOOOO ;OOOOO ;OOOOO ;OOOOO

Cr
Std Dev

0
0
0

(- - - 000 (- 3 - I -

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

13574
12397
12340
12770
569
4

13003
10564
11078
11548
1050
9

12340
13139
14040
13173
694
5

12815
13236
11841
12631
584
5

12522
12520
10989
12010
722
6

K
Std Dev

§ER 2R3

FE3

671

A-29

K
RSD

-838d3 »

Ca
ppm

10338
10296

10177
199

11819
12277

11234
1166
10

Ca

Std Dev

§88

£88

Ca
RSD

4
4
4

g

N

bW




XRF FIELD TEST—SEA TRIALS—JULY 2, 1993—WET SEDIMENTS—-LABORATORY MEASUREMENTS

STATION
(Sample)

F11wW
Fiaw
F13w
MEAN F1
STD DEV
RSD

F21w
Faw
F23wW
MEAN F2
STD DEV
RSD

F31wW
F32w
F33w
MEAN F3
STD DEV
RSD

Fa1W
Fazw
FA3W
MEAN F4
STD DEV
RSD

FS51w
F5aw
F53W
MEAN FS
STD DEV
RSD

Cr
ppm

z z z z
>O°°°° ;OOOOO ;OOOOO >°°°°° §°°°°°

Cr
Std Dev

0
0
0

(- - -] (-3 - - (-3 - -]

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

13470
12053
11654
12392

10189
513

9841
10166
10754
10254

11807
10042
10964
10938
721

K
Std Dev

610

=88

§38

651
614

A-30

K
RSD

Ca
ppm

10470
10270
9242
9994
538
5

815

11571
11879
9105
10852
1241
1"

11337
10342
10214
973
10

Ca

Std Dev

401
395
n

-3 1

ﬁg-‘

411
416

g8y

Ca
RSD

4
4
4

o bW

L3¢ W

o bd




STATION
(Sample)

D1IW
Di2w
D13W
MEAN D1
STD DEV
RSD

D21W
MEAN D2
STD DEV
RSD
D3IW
MEAN D3
STD DEV
RSD
Datw
MEAN D4
STD DEV
RSD
DS1W
MEAN DS

STD DEV
RSD

LL

2631

2574
2417

1

3011
3135

3164

1898

2182
2172

10

Std Dev

BE2 B3R

11

21
213

192
214
201

~N®oe

O ~N~N

547

241

n

751

151

574
575
416

14

Mn
Std Dev

0
196
185

213
192

216
215
196

185
197
186

184
186
177

A-31

N/A
42
36

SRR 248 a8

8R8

Fe
ppm

1576

17296
18373
18902
18190

4

Fe
Std Dev

461
424

288
pry
[

Fe
RSD

2
2
2

NN NN NN

NNDN




STATION
(Sample)

E1W
E12w
E13W
MEAN E1
STD DEV
RSD

E21W

MEAN E?
STD DF ~
RSD

E31W
E32w
E33W
MEAN E3
STD DEV
RSD

EaW
E42wW
E43W
MEAN E4
STD DEV
RSD

ES1W

ES3W
MEAN ES
STD DEV
RSD

3019
2515
2451

10

2409

2759

2102
2881

13

2761
2147

10

2081

14
1

o
a2
o
e

BRE

§§N
-t
o

217

218

10
10
10

88 2uB98% wE8ERE 3

841

Mn
Std Dev

203
188
187

186
189
190

CEE

CR-&

173

176

A-32

32
43
47

"8 g8 d

a8y

N/A

Fe
PPM

33158
32448
32720
32775
202
1

34765
33389
33478
33877
629
2

29710
30861
32031

Fe
Std Dev

553
543
546

563
548
551

518

541

531

31

Fe
RSD

2
2
2

NN NRDN NN

NN




STATION
(Sample)

Fliw
Filaw
F13W
MEAN F1
STD DEV
RSD

F21W
F2w

MEAN F2
STD DEV
RSD

F31W
F3aw
F33wW
MEAN F3
STD DEV
RSD

Fa'wW
Fa2w
F43W
MEAN F4
STD DEV
RSD

FS1W
FS2w
F53wW
MEAN F5
STD DEV
RSD

LL

2671

2461
150

1906
1599
1925
274
14

1949
1835
1803
1862

1736
1443
1949
1709

12

1716
1851
1984
1850
109
6

T
Std Dev

218
219
217

199
196
188

187
187
201

178
184
192

197
192
199

LL
RSD

10
12

10
10
11

10
13
10

n
10
10

88

N
&
-

NEgg-8 med

841

8

478
551
213

228288 ¢

R &

s11

34

11

Mn
Std Dev

187
171
168

181

179

194
164
178

172
172
n

180
188
180

A-33

31
N/A

488

£89

35

Fe
ppm

25862
23262
24497
24540
1062
4

16259
19980
19274
18504
1614
9

17923
18814
19476
18738
636
3

16122
17110

Fe
Std Dev

486
458
469

421
415

§83d 388

RES

Fe
RSD

NN NN MO N MDD

NN




STATION
(Sample)

D11W
DI2w
D13W
MEAN D1
STD DEV
RSD

D21wW

MEAN D2
STD DEV
RSD

D31W
D32w
D33W
MEAN D3
STD DEV
RSD

D4atwW

MEAN D4
STD DEV
RSD

Dstw
Dsa2w

MEAN DS
STD DEV
RSD

Co
ppm

19

°o 4ggEIE

241

114
14

ggoﬁo \:ooooo

-t
L]
-t

Co
Std Dev

188
187
187

195
196
201

(- - -

Co
RSD

100
63
73

488

N/A
N/A

N/A
N/A
N/A

N/A

N/A

Ni
ppm

YQRood gooooo gooooo

-b
»
-l

= <
800 ;OOOOO

-h
288

NI
Std Dev

(- - -

(- - -]

A-34

Ni
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
41

Std Dev

g8a

884

RSD
21

31

N/A

N/A

0
Y

N/A
76

75
N/A




I

STATION
(Sample)

ENW
E12w
E13W
MEAN E1
STD DEV
RSD

E21W

MEAN E2
STD DEV
RSD

E31W

E33W
MEAN E3
STD DEV
RSD

E4IW
Eq2wW
E43W
MEAN E4
STD DEV
RSD

ES1W
MEAN ES

STD DEV
RSD

Co
ppm

331
51
15

188

139

218

%OOOOO

Co

Std Dev

188
183
184

192
189
184

179
178

184
182

Co

47
59
65

g8

S

N/A

N/A

47

N/A
N/A
N/A

ppm

8o %ooooo

-l
cooo0o §ooooo 2883

£
>

12888

NI
Std Dev

000

A-35

N/A
N/A
N/A

N/A
74

N/A
N/A
N/A

N/A
N/A
N/A

N/A
61

Cu
ppm

184
178

3
15

313

145
113
115
124
15
12

15
21

Cu
Std Dev

40
40
42

588

448

888

Cu
RSD

2
2
17

17
12
15

N/A

gey

88




STATION
(Sampe)

Fuiw
Flaw
FI13W
MEAN F1
STD DEV
RSD

F21W

MEAN F2
STD DEV
RSD

F31W
F3a2w

MEAN F3
STD DEV
RSD

Fa1wW
Fa2w
Fa3W
MEAN F4
STD DEV
RSD

FSIW
FSa2w
F53W
MEAN F5
STD DEV
RSD

Co Co Co Ni Ni
ppm StdDev  RSD ppm  Std Dev
o o N/A o 0
163 187 26 o 0
0 L] N/A 0 o
54 0
7 0
141 N/A
0 0 N/A 0 0
0 o N/A 0 (]
214 146 68 o 0
7 0
101 0
141 N/A
0 o N/A o 0
0 o N/A o o
161 145 90 0 0
54 0
76 0
141 N/A
0 0 N/A 78 51
0 0 N/A 83 52
0 o N/A 78 52
0 80
0 2
N/A 3
348 150 43 o 0
248 152 61 0 o
0 0 N/A 0 0
199 L]
146 0
74 N/A

A-36

NI
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

I2&

N/A
N/A
N/A

gReLds JNEReo8 B23IBR

Cu
Std Dev

R R

31

31

888

Cu
RSD

N/A
N/A

S8




STATION Zn Zn Zn As As As Se Se Se
(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD
D11wW 243 as 16 0 o N/A 0 0 N/A
Diaw 221 37 17 0 o N/A 22 13 59
D13W 249 38 15 0 o N/A 0 0 N/A
MEAND1 238 0 7
STD DEV 12 0 10
RSD 5 N/A 141
D21W 78 32 41 0 0 N/A 0 0 N/A
D22w 146 35 24 0 0 N/A 2 13 59
D23wW 91 a3 36 36 20 56 17 13 76
MEAND2 105 12 13
STD DEV 29 17 9
RSD 28 141 72
D31W 13 a3 2 38 20 53 34 13 38
Da2w 139 34 24 25 20 80 (1] 0 N/A
D33wW 178 34 19 0 0 N/A o 0 N/A
MEAN D3 142 21 11
STD DEV 25 16 16
RSD 18 75 141
Da1w 150 32 21 43 18 42 o 0 N/A
Da2w o1 29 32 0 0 N/A 25 1 44
DA3W 53 28 53 32 17 53 19 11 58
MEAN D4 98 25 15
STD DEV 40 18 1"
RSD a1 73 73
DS1W 83 28 34 0 o N/A 17 " 65
Ds2w 115 30 26 0 0 N/A 19 1" 58
DS3wW 60 28 47 0 o N/A 25 1 a4
MEAN DS 86 0 20
STD DEV 23 o 3
RSD 26 N/A 17

A-37




STATION
(Sample)

E1iW
E1aw
E13W
MEAN E1
STD DEV
RSD

E21W

MEAN E2
STD DEV
RSD

E3W
E32w
E33W
MEAN E3
STD DEV
RSD

EA1W
E42W
E43W
MEAN E4
STD DEV
RSD

ES1W
MEAN ES

STD DEV
RSD

181
218
216

13

106
184

164

104
159
210

888 gga 488

Zn
RSD

15

19
17

31

18

21
17

19
19
18

8

N/A

As
ppm

2s422Y%

dahled

As
Std Dev

19
19

18

17

A-38

As
RSD

N/A
N/A

N/A
N/A

N/A

100

74

31

8

N/A

Se
ppm

%OOOOO

2eodPoo

141

haono

141

o° §ooooo

o oObhO
hry

Se
Std Dev

(- - -]

N/A
N/A
N/A

N/A
N/A

N/A
75
N/A

N/A
N/A
N/A

N/A

N/A




STATION
(Sample)

Fiiw
Fiaw
F13wW
MEAN F1
STD DEV
RSD

F21w
Faaw

MEAN F2
STD DEV
RSD

F31W
F3aw
F33w
MEAN F3
STD DEV
RSD

Fa1wW
Faz2w
F4A3W
MEAN F4
STD DEV
RSD

FS1W
FSa2w
F5awW
MEAN FS
STD DEV
RSD

Zn
ppm

145
71

129
115

Zn
Std Dev

3 gRe 88y

882

«
--

SR8

19
41

38N

21
11

As
ppm

SaNRN8e %ooooo

d1ao88e

As
Std Dev

(-3 - 3 - ]

18
17

16
16

18
17

A-39

As
RSD

N/A

N/A

N/A
N/A
N/A

N/A

&

N/A

283

81
N/A

Se
ppm

Se
Std Dev

(- - -

10
1

Se
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
91

N/A
N/A
N/A




STATION
(Sample)

D11W
Di2w
DI3W
MEAN D1
STD DEV
RSD

D21W

MEAN D2
STD DEV
RSD

D31W

MEAN D3
STD DEV
RSD

Datw

MEAN D4
STD DEV
RSD
DS1W
Ds2w
MEAN DS

STD DEV
RSD

Sr
ppm

116
117
110
114

12
21
13
119

i62
138
167
158
14

221

19

241

12
5

Sr
Std Dev

7
7
7

NN~

Sr
ASD

o b b Ao n - N

bbb

Zr
pPpm

we2838

106

115
109

120
102
122
15

17
134
112
124

Zr
Std Dev

aan aanm bbb

A-40

Zr
RSD

o s &t agn

abhbh

Mo
ppm

N £
a owo §fooooo

-t
ahNhMbMDOoOONnO 3-‘-‘“00

.
-k

> -h
a+anoOO

Mo
Std Dev

oONO Wwoo oOwo (- - -

N/A
N/A
N/A

N/A
100
N/A

N/A
N/A
100

N/A
N/A

N/A
N/A
100




STATION
(Sample)

E1IW
E12w
E13W
MEAN E1
STD DEV
RSD

E1W

MEAN E2
STD DEV
RSD

E3W
E32w

MEAN E3
STD DEV
RSD

E41W
E42W

MEAN E4
STD DEV
RSD

ES1W
MEAN ES

STD DEV
RSD

Sr
ppm

161
163
160
161
1
1

126
125
113
21
6
5

213
187
161
177
26
14

126
106
127
120
10
8
227
222
249
233
12
5

Sr
Std Dev

®oeo NN~ o« e ®

N~

Sr
RSD

O~NO® aomd [ - N

o bhh

Zr
Std Dev

& anon b bh

A-41

Zr
RSD

5
4
4

aen L ) atn

&b

Mo
ppm

Buogpo

aAWNO®OO

-h
-h

< < =
;QOOOO ;QOOOO ;OOOOO

Mo
Std Dev

3
3
3

(- - -] (- - -] Wwoo

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

F11W
Flaw
F13wW
MEAN F1
STD DEV
RSD

F21W

MEAN F2
STD DEV
RSD

F31w
Faaw
F33wW
MEAN F3
STD DEV
RSD

Fa1w
Faz2w
Fa3w
MEAN F4
STD DEV
RSD

FS1W
FS52w
F53W
MEAN FS
STD DEV
RSD

B ~oBREE ~~BIRR

N
-b
~

o3RERE ~a¥%

Sr
$Std Dev

10
10

Sr
RSD

4
4
4

o bs

b boh

o bobh

caB8J98

Std Dev

N am o b bs (L L

bad

A-42

LI I L NN hAdwn o

b an

Mo
ppm

H s 40NO

-h
-h

H -4 000

-h
-h

4 =
;OOOOO ;OOOOO 'EOOOOO

Mo
Std Dev

N/A
100
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION Hg Hg Hg Pb Pb Pb Rb Rb Rb
(Sample) ppm Std Dev RSD ppm StdDev  RSD ppm Std Dev RSD
D1IW ] ] N/A 59 14 24 66 9 14
Diaw 0 o N/A 18 12 67 82 9 1
D13wW o 0 N/A 36 12 33 88 10 1
MEAN D1 0 as 79

STD DEV ) 17 9

RSD N/A 45 12

D&IW 0 0 N/A 19 12 63 83 10 12
D2w 0 0 N/A 27 13 48 110 10 9
D2aw 0 o N/A 0 0 N/A 103 10 10
MEAN D2 o 18 99

STD DEV ] 11 11

RSD N/A 74 12

D3tW o 0 N/A 0 o N/A 80 10 13
D32w 48 28 58 18 12 67 90 10 11
D33wW 0 0 N/A 20 12 60 7 9 12
MEAN D3 16 13 82

STD DEV 23 9 6

RSD 141 s 7

Da1wW 0 0 N/A 0 0 N/A 60 8 13
Da2w 0 0 N/A 33 12 36 42 7 17
D4A3W o 0 N/A 0 0 N/A 48 8 17
MEAN D4 0 1 50

STD DEV 0 16 7

RSD N/A 141 15

DS1W o o N/A o 0 N/A 52 8 15
Dsa2w 63 26 41 0 0 N/A 42 7 17
DS3W 0 0 N/A 0 0 N/A 67 8 12
MEAN D5 21 0 54

STD DEV 30 0 10

RSD 141 N/A 19

A-43




STATION
(Sample)

E1W
E12w
E13W
MEAN E1
STD DEV
RSD

EW

MEAN E2
STD DEV
RSD

E3tW

MEAN E3
STD DEV
RSD

E41W
E42w
E4Q3W
MEAN E4
STD DEV
RSD

ES1W
MEAN ES

STD DEV
RSD

Hg
ppm

141

< 4 <
;OOOOO '§°°°°° ;OOOOO ;OOOOO

Hg
Std Dev

(- - Y - 000 (- 3N~ - ]

Hg
RSD

N/A
N/A
100

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Pb
ppm

20
3
50
34
12
36

31
14
29
25

8
31

141

-l
N~Nnogo

L3

Pb
Std Dev

12
12
13

13
12
13

A-44

Pb
RSD

588

N/A
N/A

N/A
N/A

N/A
N/A

Rb
Ppm

o~NgdBII

ye

=338

So3838 o~REBS

~aR382

Rb
Std Dev

10

10

13
13
1

1"
12
10

12
1"
10

10
12
10

16
15
14




STATION
(Sample)

F1iw
Flaw
F13w
MEAN F1
STD DEV
RASD

F21W
F22w
F23w
MEAN F2
STD DEV
RSD

F31w
Faaw
F33w
MEAN F3
STD DEV
RSD

Fa1w
Fa2w
Fa3wW
MEAN F4
STD DEV
RSD

FS1W
F52w
FS3wW
MEAN F5
STD DEV
RSD

Ho
ppm

< 4 4 4 4
;OOOOO ;OOOOO ;OOOOO ;OOOOO ;OOOOO

Hg
Std Dev

)
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

ppm

*ozoR oni8RY

LY ]
-

i~ - - 4
2nwoogd Soocooo

G288eRn

Pb
Std Dev

12

1"
12

10

"

1"

"

Pb
RSD

N/A
N/A
N/A

100
N/A
N/A

N/A
41

Rb
ppm

nwglIRE ©c0RJQE FoRHEBE oadqy3

ovq288%

Rb
Std Dev

NN~ [N N ] ® o~ - N

Rb
RSD

1"
10
12

16
13
15

14
15
17

15
13
15

16
13
13




STATION Cd cd cd Ba Ba Ba Ag Ag Ag
(Sample) ppm StdDev RSD ppm StdDev  RSD ppm StdDev  RSD
D1tW 124 44 as 175 8 s 28 27 96
D12w 0 0 N/A 142 7 5 150 27 18
D13W aa 41 83 141 7 s 83 26 31
MEAN D1 56 153 87

STD DEV 51 16 S0 )
RSD 92 10 57

D21W 0 0 N/A 170 8 5 86 26 30
D22wW o 0 N/A 184 8 4 73 28 38
D23W 0 0 N/A 183 8 4 73 28 as
MEAN D2 0 179 77

STD DEV 0 6 6

RSD N/A 4 8

D31W 87 46 81 266 9 3 0 0 N/A
D32w 0 0 N/A 235 9 4 79 29 a7
D33W o 0 N/A 243 9 4 72 28 39
MEAN D3 19 248 LD}

STD DEV 27 13 36

RSD 141 5 7

DaIW 118 43 36 an 10 3 57 27 a7
Da2w 77 a2 55 342 10 3 67 27 40
Da3wW 0 0 N/A 338 10 3 54 27 50
MEAN D4 65 337 59

STD DEV 49 5 6

RSD 75 1 9

DS1W 0 o N/A 336 10 3 69 26 38
Ds2wW 0 0 N/A 360 10 3 0 0 N/A
DS3W o (1] N/A 362 10 3 59 26 44
MEAN D5 0 353 43

STD DEV 0 12 30

RSD N/A 3 7




STATION
(Sample)

E1iwW
E12w
E13W
MEAN E1
STD DEV
RSD

E21W

MEAN E2
STD DEV
RSD

E3W

E33W
MEAN E3
STD DEV
RSD

Es1wW
E42W
E4W
MEAN E4
STD DEV
RSD

ES1W

ES3W
MEAN ES
STD DEV
RSD

Cd
ppPM

= = Zz z
28NoRo alRzolo %occoo §ooococo Fooooo

Cd Cd Ba Ba Ba Ag Ag
Std Dev RSD ppm Std Dev RSD ppm Std Dev
(4] N/A 237 9 4 52 27
0 N/A 224 8 4 78 27
0 N/A 212 8 4 103 27

224 78

10 21

-] 27
0 N/A 180 8 4 110 28
0 N/A 172 8 5 35 7
0 N/A 172 8 5 47 7

178 64

8 33

5 51
0 N/A 215 8 4 42 26
0 N/A 257 9 4 66 27
0 N/A 212 8 4 88 27

228 65

21 19

9 29
o N/A 182 8 4 0 0
a2 78 162 7 4 68 26
0 N/A 174 8 S 80 27

173 49

8 35

5 ral
0 N/A 293 9 3 81 26
41 64 291 9 3 53 26
0 N/A 307 9 3 88 26

297 74

7 15

2 20

A-47

Ag
RSD

IR

41
31

N/A

3

8848




STATION
(Sample)

Fl1iw
Fiaw
F13w
MEAN F1
STD DEV
RSD

F21w

F23w
MEAN F2
STD DEV
RSD

F31w
F32w
F33w
MEAN F3
STD DEV
RSD

Faiw
Faz2w
Fa3w
MEAN F4
STD DEV
RSD

FS1wW
Fsaw
FS3wW
MEAN F5
S$TD DEV
RSD

cd
ppm

4BIoo

-d -b
aBeHoo =

Y8300

= =
SO000O0O0 o
> -

J&8&Re2

Cd Cd Ba Ba
StdDev RSD ppm  Std Dev
) N/A 358 10
0 N/A 306 9
41 52 329 10

331
21
6
0 N/A 339 10
0 N/A 350 10
41 75 362 10
350
9
3
0 N/A 324 9
1] N/A 329 9
41 53 361 10
338
16
5
0 N/A 299 9
o N/A 319 .
] N/A 350 10
323
21
7
4 80 356 10
o N/A 323 10
a4 49 343 10
341
14
4

A-48

Ba
RSD

W WLw WL

WL

NaBKEY B83ad88Y

Ag
Std Dev

27
26
7

RER R R o}

Ag
RSD

83N

388




STATION
(Sampie)

Ditw
Diaw
DI3W
MEAN D1
STD DEV
RSD

D21w
MEAN D2
STD DEV
RSD
D31W
MEAN D3
STD DEV
RSD
D4IwW
MEAN D4
STD DEV
RSD
DS1W
MEAN DS

S$TD DEV
RSD

Jdacoowmo §ooooo §ocooo Jduecno §ooooo

u
Std Dev

(-~ -] (- - - ~Now (- - -]

u
RSD

N/A
N/A
N/A

N/A

N/A
N/A
N/A

N/A
N/A
N/A

75
N/A

o b o bhh b ad

b bi

A-49

RSD

N/A

SgR 888 b

888

§°°O°° §°°°°° %OOOOO gOOOOO

(-2 - (-3 - -] (- - X ]

000

N/A
100
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION u u V) Th Th Th Sb Sb Sb

(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD
E11W 0 ] N/A 6 4 67 o 4] N/A
E12W 0 0 N/A 8 4 50 o o N/A
E13W 0 0 N/A 0 0 N/A 0 0 N/A
MEAN E1 0 5 0

STD DEV 0 3 0

RSD N/A 73 N/A

E21W ] ] N/A 8 4 50 o L] N/A
E22W 0 1] N/A o 0 N/A o 0 N/A
E23W 0 0 N/A 10 4 44 (/] 0 N/A
MEAN E2 0 6 0

STD DEV 0 4 0

RSD N/A 72 N/A

E31W 0 0 N/A 13 4 34 0 0 N/A
E32W 0 0 N/A 10 4 40 ] ] N/A
E33wW 0 o N/A 16 4 25 0 0 N/A
MEAN E3 0 13 0

STD DEV (/] 2 1]

RSD N/A 19 N/A

E4IW L] ] N/A 7 4 61 o ] N/A
E42W 8 7 88 15 4 7 0 ] N/A
E4Q3W o ] N/A 16 4 25 0 0 N/A
MEAN E4 3 13 o

STD DEV 4 4 0

RSD 141 32 N/A

ES1W 1] o N/A 15 4 {4 0 0o N/A
E52W 0 0 N/A 13 4 31 0 ] N/A
ES3W 0 4] N/A 7 4 57 ] o N/A
MEAN ES o 12 0

STD DEV 0 3 0

RSD N/A 29 N/A

A-50




STATION
(Sample)

Fiiw
Flaw
F13wW
MEAN F1
STD DEV
ASD

F21W
F2w
F23aw
MEAN F2
STD DEV
RSD

Fatw
Faaw
F3aw
MEAN F3
STD DEV
RSD

FaIwW
Fa2w
F4a3w
MEAN F4
STD DEV
RSD

FS1W
F52wW
FS3W
MEAN F5
STD DEV
RSD

pPM

nwgoo %aoooo %ooooo

=z -h
;OOOOO _h.

NuvwoZo

U
Std Dev

000 NnOO 000 (-3 - -]

oONO®

u
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

23

Th
ppm

10
14
9
11
2
20

-l
deNwo~NoO

mnwogo

M

dvegao

Bamoung

Th
Std Dev

4
4
4

b o o&sO o bbd

(-3¢ W ]

A-51

5

D

3 X

238

N/A

N/A

s §

88

sb
ppm

z Zz z Zz z
o o (- o (-3~ - I~ o o o

Sb
Std Dev

000 (- - - 00 (-2 - - ]

(- - N -]

Sb
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

D11W
Di12w
D13wW
MEAN D1
STD DEV
RSD

D21w

MEAN D2
STD DEV
RSD

D31W
D32w
D33wW
MEAN D3
STD DEV
RSD

Datw

Da3w
MEAN D4
STD DEV
RSD

D51W

DS3wW
MEAN DS
STD DEV
RSD

Sn
Ppm

< = 2 = Z
FO©000 Fooocoo 500000 Foooo00 Fooooo

Sn
Std Dev

(- - X -] 000 o000 (- - -

(- - N -]

Sn
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

A-52




STATION
(Sample)

E11W
E12W
E1dwW
MEAN E1
STD DEV
RSD

E21W

MEAN E2
STD DEV
RSD

E31W
E32W
E33W
MEAN E3
STD DEV
RSD

EAIW
Ed2w
E43W
MEAN E4
STD DEV
RSD

ES1W
MEAN ES

STD DEV
RSD

Sn
PPM

= < < < =
;OOOOO ;OOOOO ;OOOOO ;OOOOO ;OOOOO

Sn
Std Dev

(- - -} (-2 - 3 -] (- -~ (-3 - I~

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

A-53




STATION
(Sample)

F1iwW
Filaw
FI13W
MEAN F1
STD DEV
RSD

F21W
F22w
F23W
MEAN F2
STD DEV
RSD

F31W
Faaw
F33W
MEAN F3
STD DEV
RSD

Fa1W
Fa2w
FA3W
MEAN F4
STD DEV
RSD

FS1W
F52w
FS3W
MEAN F5
STD DEV
RSD

Sn
ppm

XX gooooo

-h
-l

Noagoo

b
&N
by

§°°O°° §°°°°O

Sn
Std Dev

(-3 - -]

(-3 - -]

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

A-54




XRF FIELD TEST---LAB TRIALS---JULY 13, 1993 DRY GROUND SAMPLES

STATION
(Sample)

A11D0
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

A41D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
A52D
A53D
MEAN A5
STD DEV
RSD

Cr
ppm

= = = < <
€oco000o0 ococooo ocococoo cocooo occocoo
> > > > >

Cr
Std Dev

0
0
0

[~ 3 - I -]

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

20576
22150
20513
21080

757
4

22563
21863
21392
21939
481

21144
22624
21608
21792
618

19807
18023
17993
18608
848

15622
15023
14692
15112
385

K

Std Dev

830
857
830

861
848
840

843
868
850

819
788
787

745
736
729

A-55

K
RSD

4
4
4

o b

& o b

aoon

Ca
PPM

18419
17762
19424
18535

683
)

11996
12321
11453
11923
358

21477
21439
20997
21304
218

21180
22129
21447
21585

25264
26960
27165
26463
852

Ca
Std Dev

524

518
536

441
444
430
562

556

593
611
612

Ca
RSD

3
3
3

NN




XRF FIELD TEST--LAB TRIALS---JULY 13, 1993 DRY GROUND SAMPLES

STATION
(Sample)

B11D
B12D
813D
MEAN B1
STD DEV
RSD

B21D
B22D
B23D
MEAN B2
STD DEV
RSD

B31D
832D
B33D
MEAN B3
STD DEV
RSD

B41D
B42D
B43D
MEAN B4
STD DEV
RSD

BS1D
B52D
B53D
MEAN BS
STD DEV
RSD

Cr

ppm

4 = < 4 <
[~ 2N~ 0~ I - 2 -] o (-3 -0 -]
; ; o ;OOOOO ;OOOOO ;OOOOO

Cr
Std Dev

0
0
0

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

23149
24969
23154
23757
857
4

19898
20240
19106
19748
475

22738
20814
21365
21639
809

19505
20759
18956
19740
755

15133
18172
17332
16879
1281

K
Std Dev

871

900
871

831

815

470
841

811
832
803

740
797
782

A-56

K
RSD

4
4
4

LN b b

L bbb

Ca
ppPmMm

12460
12499
12464
12474
18
0

33218

38834

31331

34461

3187
9

13640
14233
13315
13729

17842
16671
18857
17790
893

28572
29294
30125
29330

Ca
Std Dev

448

453
448

734

£3g

514

537

640

Ca
RSD

NN




XRF FIELD TEST---LAB TRIALS---JULY 13, 1993 DRY GROUND SAMPLES

STATION
(Sample)

C11D
C120
C13D
MEAN C1
STD DEV
RSD

C21D
C22Dp
C23D
MEAN C2
STD DEV
RSD

C31D
C32D
C33D
MEAN C3
STD DEV
RSD

C41D
Ca2D
C4a3D
MEAN C4
STD DEV
RSD

Cs51D
Cs2D
Cs53D
MEAN C5
STD DEV
RSD

Cr
ppm

=z =z =z 2 z
00000 ~0000O0 ~ 00000 [~ Ml ol e] ~0 000
> > > > > i

Cr
Std Dev

0
0
0

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

/A
N/A
N/A

K
ppm

20298
21225
20457
20660
405
2

17762
17934
17467
17721
193

21330
21067
22550
21649

22845
22466
23090
22800
257

17805
17711
17482
17666
136

K

Std Dev

826
841
828

813
817
810

840
864

868
862
872

786
786
781

A-57

K
RSD

4
4
4

o b bh

& bbb

Ca
ppm

18063
16441
17589
17364
681
a

61064
62526
64627
62739
1462

19073
19276
17685
18678
707

16006
17074
16114
16398
480

25120
25890
25105
25372
367

Ca
Std Dev

519

500
513

913

534

518

497
510
499

596
605
596

Ca
RSD

3
3
3

-h

Www




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

A41D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
A52D
AS3D
MEAN AS
STD DEV
RSD

TI
ppm

2998
3387
3393
3259

185

4138
4307
4072
4172
99

3123
3756
3974
3618
361
10

2910
2373
3014
2766
281
10

1962

2038

1994

1998
31
2

Ti
Std Dev

245
249
250

273
275
268

250
264
254

230
228
232

201
206
197

Ti
RSD

10
10
10

Mn
PPmM

623
1243
546
804

312
39

71
™
328
690
269

39

619
579
697
632
49
8

622
685
535
614
61
10

375
629
805
603
177
29

Mn

Std Dev

192
222
191

214
203
185

196
196

185
186
182

163
177
183

A-58

Mn
RSO

31
18
35

26

SRR

8N8

28
23

Fe
pPpm

28864
29518
29335
29239

275
1

42431
42584
40915
41977
753

34869
35947
35376
35397

25452
26016
25449
25639
267

19120
19525
19122
19256
190

Fe
Std Dev

523
531
529

641
626

581

587

490
495
489

422
427
421

Fe
RSD

2
2
2

NN

NN

NN N




STATION
(Sample)

B11D
B12D
B13D
MEAN B1
STD DEV
RSD

B21D
B22D
B23D
MEAN B2
STD DEV
RSD

831D
B32D
B33D
MEAN B3
STD DEV
RSD

B41D
B42D
B43D
MEAN B4
STD DEV
RSD

Bs1D
B52D
B53D
MEAN BS
STD DEV
RSD

TI
ppm

4037
4504
3681
4074
337

3864
3700
3419
3661

184

4213
3818
3736
3922
208

3656
3648
3237
3514
196
6

2460
1997
2418
2292
209
9

Ti
Std Dev

278
280
280

2n
265
261

263
266
2Nn

247
250
251

221

220

Ti
RSD

Mn
pPpm

698
494
642
611
86
14

1056
797
602
818
186
23

888
678
1124
897
182

676
486
690
617
93
15

612
568
482
554

10

Mn
Std Dev

206
203
205

220
211
196

213
199
223

191
185
199

177
177
176

A-59

Mn
RSD

30
41
32

S8R i

S8

31
37

Fe
pPpm

49957
50796
49107
49953
690
1

37395

35140

934

43133
42170

42928
555

32975
33732
34590
33766

24081
21935
22664
22893
891

Fe
Std Dev

670

710
694

610
606
588
648
637
648

559
567
574

476

465

Fe
RSD

NN - NN NNDN -

NN DN




STATION
(Sample)

C11D
ci120
C13D
MEAN C1
STD DEV
RSD

C21D
C22D0
C230
MEAN C2
STD DEV
RSD

C31D
C32D
C330
MEAN C3
S$TD DEV
RSD

CaiD
Ca2D
C4a3D
MEAN C4
STD DEV
RSD

Cs1D
Cs2D
Cs3D
MEAN C5
STD DEV
RSD

Ti
Ppm

3480
3916
4141
3846
274

4206
3297
3414
3639
404
1"

3974
4413
4148
4178
180
4

4070
4250
4575
4298
209
5

3046
2648
2674
2789
182
7

Ti
Std Dev

260
265
264

267
265
265

27
276
272

273
278
284

224

223

Ti
RSD

7
7
6

Mn
ppm

878
908
879
888
14

1921
177
1369
1489
315
21

722
1012
1116
950
167
18

930
1254
980
1058
141
13

760
745
578
694
82
12

Mn
Std Dev

208
210
209

258
226
238

209

226

221
232
225

189
192
178

A-60

Mn
RSD

13
19
17

SR3

24
19
23

25

31

Fe
ppm

38052
37794
37952
37933
106
0

33324
33854
33151

45393

45015
45285
192

47971
47736

47363
700

23381
22334
21837
22517

Fe
Std Dev

605

604
605

589
593

687
678

470

453

Fe
RSD

2
2
2

-h -l

NNN




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

Ad1D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
A52D
AS53D
MEAN A5
STD DEV
RSD

Co
ppm

530
291
0
274

217
79

0
0
297
99
140
141

493

164

232
141

<
Sooo0oo0o
>

OO0 O0OO0COo

N/A

Co
Std Dev

182
180
0

205

200

Co
RSD

34
62
N/A

N/A
N/A
69

N/A
41
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Ni
ppm

0
0
106
35

50
141

P-4
Looo0oo0oo0
>

<
“Coo0000
>

(=2 -]

58
19
27
141

85

28

40
141

Ni Ni Cu
Std Dev RSD ppm
0 N/A 32
0 N/A 0
54 51 o
1

15

141

0 N/A 53
0 N/A 138
o N/A 34
75

45

60

0 N/A 81
0 N/A 73
0 N/A 90
81

7

9

0 N/A 0
0 N/A 89
51 88 90
60

42

71

49 58 0
0 N/A 0
0 N/A 0
o

0
N/A

A-61

Cu
Std Dev

30
0
0

37
31

32
32

Cu
RSD

N/A
N/A

62

91

8&8

N/A

&8

N/A
N/A
N/A




STATION
(Sample)

811D
B12D
813D
MEAN B1
STD DEV
RSD

B21D
B22D
B23D
MEAN B2
STD DEV
RSD

B31D
B32D
B33D
MEAN B3
STD DEV
RSD

B41D
B42D
B43D
MEAN B4
STD DEV
RSD

B51D
852D
B53D
MEAN BS
STD DEV
RSD

Co
ppm

507
169
239
141

Z
Soo0oo0o0o0
>

424

141
200
141

%OOOOO %OOOOO

Co
Std Dev

227

(=2~ -]

211

Co
RSD

N/A
N/A
45

N/A
N/A
N/A

N/A
50
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Ni
ppm

~:\O°OOO SO0 00CO0CO0C
> >

=
- E-E-K-K-
>

i

Ni
Std Dev

0

0
0

54
59

A-62

Ni
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

82
36
N/A

N/A
N/A
91

Cu
pPpm

368
390
334
364
23
6

43
92
71
69
20
29

138
132
126
132

51
92
66
19
28

72

24

141

Cu
Std Dev

48
49
47

8&8

884

32
32

Cu
RSD

13
13
14

38y &§83

SRR

N/A
N/A




STATION
(Sample)

c11D
Cc12D
C13D
MEAN C1
STD DEV
RSD

C21D
C220
C23D0
MEAN C2
STD DEV
RSD

C31D0
C32D
C33D
MEAN C3
STD DEV
RSD

CatD
C42D
C43D
MEAN C4
STD DEV
RSD

Cs1D
Cs2D
C53D
MEAN C5
STD DEV
RSD

Co
ppm

412
137

194
141

<
P -~ = = B -]
>

489

163
231
141

496
348
281
208
74

162

54

76
141

Co
Std Dev

0

202
0

221

226
221

Co
RSD

N/A
49
N/A

N/A
N/A
N/A

N/A
45
N/A

N/A
46
64

N/A
97
N/A

Ni
ppm

P-4
Loooo0o
>

P
S0000CO0
>

141

79

26

37
141

Ni
Std Dev

0
0
0

(=2 - 3 -]

60

oo?

 A-63

Ni
RSD

N/A
N/A
N/A

N/A
N/A
N/A

59
N/A
N/A

74
N/A
N/A

65
N/A
N/A

a

7
66
143
93
35
38

B8e20

Cu
Std Dev

36
38
36

8ol ©coo

ER&

Cu
RSD

31

31

N/A
N/A
N/A

N/A
78

49
52

N/A
51
N/A




STATION
(Sample)

A11D
A12D
A13D
MEAN At

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

A41D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
AS2D
AS3D
MEAN AS
STD DEV
RSD

Zn
ppm

121
172
158
150

22
14

284
272
215
257
30
12

197
175
156
176
17
10

117
59
138
105
33
32

165
72
148
128
40
32

Zn
Std Dev

28
30
30

35
35
32

32
31
30

28
25
29

28
25
28

Zn
RSD

23
17
19

12
13
15

16
18
19

24
42
21

17
35
19

As
Ppm

23
26
44
31

9
30

73
51
55
60
10
16

38
58
0
32
24
75

25
46
0
24
19
79

26
17
48
30
13
43

As
Std Dev

18
18
19

23
23

19
18

16
17

15
15
16

As
RSD

78
69
43

8&8

50
31
N/A

37
N/A

58

33

Se
ppm

-y éooooo %o o000

19
0
13

n

13

o od

141

-4
Sooo0coo
>

Se
Std Dev

0
0
0

(-2 - -]

1
"

(-2 -2 -]

Se
RSD

N/A
N/A
N/A

N/A
N/A
N/A

61
N/A

N/A
N/A

N/A
N/A
N/A




STATION
(Sample)

8110
B12D
B13D
MEAN B1
STD DEV
RSD

B21D
B22D
B23D
MEAN B2
STD DEV
RSD

831D
B32D
B33D
MEAN B3
STD DEV
RSD

B41D
B42D
B43D
MEAN B4
STD DEV
RSD

B51D
Bs2D
B53D
MEAN BS
STD DEV
RSD

Zn
ppm

424
833
417
458
53
12

117
189
98
135
39
29

334
330
223
296
51
17

186
222
98
169
52
31

75
122
113
103

20

20

Zn

Std Dev

41
44
40

29
32
28

37
36
33

31
32
28

26
28
28

Zn

RSD

10
8
10

25
17
29

1"
11
15

17
14
29

35
23
25

As

ppm

81
62
53
65
12
18

0
39
24
21
16
76

43
0
40
28
20
71

34
52
58
48
10
21

0
30
48
26
2
76

As

Std Dev

24
22
21

18
17

20

33

18
18
18

16
17

A-65

As
RSD

30
35
40

N/A

71

47
N/A

53
35
31

N/A
53
35

141

Se
Std Dev

S o0oo0

Se
RSD

N/A
N/A

N/A
51
N/A

N/A
N/A
55

N/A

N/A

N/A
59
N/A




STATION
(Sample)

C1iD
ci12D
C13D
MEAN C1
STD DEV
RSD

C21D
Cc22D0
C23D
MEAN C2
STD DEV
RSD

C31D
C32D0
C33D
MEAN C3
STD DEV
RSD

Ca1D
C42D
C4a3D
N.EAN C4
STD DEV
RSD

Cs1D
Cs2D
Cs3D
MEAN C5
STD DEV
RSD

Zn
pPpm

325
367
321
338
21
6

46
33

54
44
9
20

209
186
216
204
13

216
173
242
210
28
14

90
112
105
102

9
9

Zn
Std Dev

36
38
36

27
26
27

33
32
33

33
32
34

27
28
27

Zn
RSD

1"
10
11

59
79
50

16
17
15

15
18
14

30
25
26

As
ppm

63
0
26
30
26
87

k¥
30
0
21
15
71

22
33
26
27
5
17

32
44
83
53
22
41

20
41
36
32
9
28

As
Std Dev

21
0
21

16
16

17
18
17

20
20

17
17
15

A-66

As
RSD

33
N/A
81

S8

55
65

63
45
21

85
41
42

Se
PPM

QOOO:“ §°O°°° éOOOOO §O°°°O ?z,ooooo

-t
&H
-t

Se
Std Dev

0
o
0

(=2 -~ -]

(-3~ -

Se
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

59
N/A
N/A




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21p
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

A41D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
As52D
AS3D
MEAN A5
STD DEV
RSD

Sr
Ppm

236
244
241
240

]
1

167
172
159
166

229
248
230
236

243
250
263
252

248
264
255
256

3

Sr
Std Dev

10
10
10

10
10
10

10
10
10

10
10
10

Sr
RSD

L3

H b b

Zr
Ppm

265
296
27
278

13
5

183
199
202
195

137
158
183
159
19
12

178
144
181
168
17
10

139
132
135
135

Zr
Std Dev

7
7
7

(- - ] oo

a oo

A-67

Zr
RSD

3
2
3

Wew

L - -

Mo
ppm

- vowow

Naoovooow

bLWNhNOOOO

-t
b

Svwoas

Nvownow

Mo
Std Dev

2
3
3

ONN

NON

Mo
RSD

67
87

N/A
N/A

88

N/A

N/A




STATION
(Sample)

B11D
B12D
B13D
MEAN B1
STD DEV
RSD

821D
B22D
B23D
MEAN B2
STD DEV
RSO

831D
B32D
833D
MEAN B3
STD DEV
RSD

B41D
B42D
B43D
MEAN B4
STD DEV
RSD

Bs1D
Bs2D
853D
MEAN BS
STD DEV
RSD

Sr
PPm

168
168
158
165
]
3

282
299
283
288

159
162
156
159

220
224
212
219

257
262
277
265

3

Sr
Std Dev

9
9
11

1
12
1"

10
10
10

10
10
10

Sr
RSD

L oh b

o &

H» bhbh

Zr
ppm

107
120
117
115
6
5

113
129
128
123

133
119
139
130

212
198
191
200

143
128
130
134

Zr
Std Dev

5
5
9

[ I ]

[ 3 -]

A-68

Zr
RSD

Mo
Ppm

- ~ W W -
ea=~noaro JaaNvwoo grnuneu~was Yu~woge

Jrovnwe

Mo
Std Dev

3
3
3

NWON

NN O

Mo
RSD

88 88a

8

N/A

&

888

N/A
67




STATION Sr Sr Sr Zr Zr Zr Mo Mo Mo
(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD

C11D 208 10 5 158 6 4 7 2 29
Ci2D 222 10 5 190 6 3 0 0 N/A
C13D 210 10 5 167 6 ) 0 0 N/A
MEAN C1 213 172 2

STD DEV 6 13 3

RSD 3 8 141

c21D 237 10 4 154 163 ] 6 3 50
c22D0 244 11 5 145 6 4 0 0 N/A
C23D 259 LA 4 141 6 4 6 3 50
MEAN C2 247 147 4

STD DEV 9 5 3

RSD q 4 7

C31D 211 10 5 136 6 4 0 0 N/A
C32D 204 10 5 127 6 5 0 0 N/A
C33D 199 10 5 142 6 4 L] 3 60
MEAN C3 205 135 2

STD DEV 5 6 2

RSD 2 5 141

Ca1D 180 9 5 159 6 4 0 0 N/A
C42D 193 10 5 134 6 4 0 0 N/A
Ca3D 204 10 5 144 6 4 0 0 N/A
MEAN C4 192 146 0

STD DEV 10 10 0

RSD 5 7 N/A

Cs1D 27N 10 4 139 5 4 5 2 40
Cs2D 262 10 4 19 5 4 0 0 N/A
Cs3D 270 10 4 134 5 4 3 2 67
MEAN C5 268 131 3

STD DEV q 8 2

RSD 2 7 7

A-69




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSO

A31D
A32D
A33D
MEAN A3
STD DEV
RSD

A41D
A42D
A43D
MEAN A4
STD DEV
RSD

A51D
As2D
A53D
MEAN A5
STD DEV
RSD

Hg
ppm

< <
Soococo0co ffooooco
> >

<
SO o0oocoo
>

0
51
26
26
21
81

43

14

20
141

Hg
Std Dev

0
0
o

[« 3 = 2 =]

0
24
23

23

Hg
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
47
88

N/A
53
N/A

<
So0oo0o0o0o0
>

Pb
Std Dev

12
12
13

15
16
15

12

12

=200

(-3x -~

A-70

Pb
RSD

29
24
29

18
14
17

N/A
32

N/A
N/A

N/A
N/A
N/A

Rb
ppm

Rb
Std Dev

9
9
9
11

10
10

10

10

Rb
RSD

n
12
12

1
1
10

16
13
13

14
14
13




STATION Hg Hg
(Sample) ppm Std Dev
B11D 0 0
B12D 0 0
B13D 0 0
MEAN B1 0

STD DEV o

RSD N/A

B21D 0 0
822D 0 0
B23D 0 0
MEAN B2 0

STD DEV 0

RSO N/A

B31D 0 0
B32D 0 0
B33D 0 0
MEAN B3 0

STD DEV 0

RSD N/A

B41D 0 0
Ba2D 0 0
B43D 0 0
MEAN B4 0

STD DEV 0

RSD N/A

B51D 0 0
Bs2D 0 0
B53D 0 0
MEAN B5 0

STD DEV 0

RSD N/A

Hg
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Pb

ppm

82
7
58
70
10
14

26
0
18
15
1
74

34
63
32
43
14
33

20
0
14
"
8
74

24
0
14
13
10
78

Pb

Std Dev

16
15
14

12

1

13
14
13

12

11

11

10

A-71

Pb

RSD

20
21
24

N/A
61

2R8

N/A
79

Rb
ppm

120
122
120
121
1
1

79
69
71
73
4
6

96
103
111
103

6

Rb
Std Dev

1
13
11

10
10
10

Rb
RSD

9
1"
9

"
13
13

10
10

13
11
10

14
12
12




STATION
(Sample)

C11D
ci12D0
C13D
MEAN C1
STD DEV
RSD

C21D
C22D
C23D
MEAN C2
STD DEV
RSD

C31D
Cs2D
C33D
MEAN C3
STD DEV
RSD

C41D0
Ca20
C4a3D
MEAN C4
STD DEV
RSD

Cs1D
Cs2D
Cs3D
MEAN CS
STD DEV
RSD

Hg
ppm

45

Hg
Std Dev

25
0
25

[=2N -2 -]

(=2 ] «)

Hg
RSD

56
N/A
96

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

19
19

13

Ig

Pb
Std Dev

14
14
14

13
14
13

1
1

A-T72

Pb
RSD

25
19
18

N/A
N/A
N/A

N/A
N/A
N/A

33
37

N/A

Rb
ppm

95
74
75
81
10
12

70
75
65
70
4
6

114
95
93

Rb
Std Dev

10
9
9

10
10

1
1
1

Rb
RSD

1
12
12

13
12
14

1"
10

10
10
10

14
12
13




STATION
(Sample)

A11D
A120D
A13D
MEAN A1

- STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

As1D
A320
As3D
MEAN A3
STD DEV
RSD

Aia1D
A:2D
A43D
MEAN A4
STD DEV
RSD

A51D
As52D
As53D
MEAN AS
STD DEV
RSO

Ccd
ppm

37
12
17
141

141

48
16
23
141

Cd
Std Dev

37

34

Cd
RSD

N/A
N/A
100

52
89
N/A

N/A
N/A
N/A

N/A
N/A
86

N/A
N/A
7

Ba
ppm

372
437
440
416

31

260
243
259
254

302
350
341
331
21

352
352
349

321
347
322
330

12

Std Dev

10
1
1

10
10
10

10
10
10

A-73

o ——__

Ba
RSD

3
3
3

Ag
ppm

50

60
0
37

26
72

64
59
31
51
15
28

87
69
26
61
26
42

61
42
56
53
8
15

50
69
0
40
29
73

Ag
Std Dev

22
22
0

21
21

23
25

23
23

°RR

Ag
RSD

44
37
N/A

&8k

R R

55
a

Q88




STATION Cd Cd Cd Ba Ba Ba Ag Ag Ag
(Sample) ppm Std Dev RSD PpPmM Std Dev RSD ppm Std Dev RSD

B11D o 0 N/A 240 9 ) 0 0 N/A
812D 0 0 N/A 242 9 4 88 23 26
B13D 0 0 N/A 256 9 4 0 0 N/A
MEAN B1 0 246 29

STD DEV 0 7 41

RSD N/A 3 41

B21D ) N/A 338 10 3 89 25 28
B22D 0 0 N/A 333 25 8 44 25 57
B23D 84 38 45 296 10 3 84 24 29
MCAN B2 28 322 72

STD DEV 40 19 20

RSD 141 6 28

8310 0 0 N/A 27 9 3 0 0 N/A
B32D 74 35 47 238 9 4 48 22 46
B33D 116 37 32 256 9 4 0 0 N/A
MEAN B3 63 255 16

STD DEV 48 13 23

RSD 76 5 141

B41D 72 34 47 290 9 3 59 2 37
B42D 0 0 N/A 325 10 3 62 22 35
B43D 66 37 56 352 10 3 68 23 34
MEAN B4 46 322 63

STD DEV 33 25 4

RSD n 8 6

B51D 113 33 29 298 9 3 77 21 27
B52D 157 37 24 346 10 3 76 23 30
Bs3D 0 0 N/A 365 10 3 88 23 26
MEAN BS 90 336 80

STD DEV 66 28 5

RSD 73 8 7

A-74




STATION
(Sample)

Ci1D
Ci120
C13D
MEAN C1
STD DEV
RSD

c21D
C220
C23D
MEAN C2
STD DEV
RSD

C31D
C32D
C33D
MEAN C3
STD DEV
RSD

C41D
Cs42D
Ca3D
MEAN C4
STD DEV
RSD

Cs51D
cs2D
Cs3D
MEAN C5
STD DEV
RSO

cd
ppm

90
30
42
141

141

37
0
0

12

17

141

Cd
Std Dev

38
38

36

Cd
RSD

N/A
N/A
40

43
63
N/A

N/A
N/A
N/A

N/A
81
N/A

97
N/A
N/A

Ba
Ppm

306
287
261
285
18
6

312
311
351
325
19

291
306
286
294

281
243
277
267
17

362
362
350
358

Ba
Std Dev

10
9
9

10
10
10

10
10

10
10
10

A-75

Ba
RSD

WWwe

Ag
ppm

o
45
28
24
19
76

107
53
67
76
23
30

43
64
0
36
27
75

78
38
0
39

32
82

Ag
Std Dev

0
23
22

25
24
26

25
25

RBS

RSD

N/A
51

e&8

39
N/A

3

N/A

n
N




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A22D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A330D
MZAN A3
STD DEV
RSO

A«q1D
As2D
Aq3D
MEcAN A4
STD DEV
RSD

A51D
Ac2D
A53D
MEAN AS
STD DEV
RSD

U U

ppm Std Dev
0 0
0 0
7 6
2
3

141
0 0
0 0
0 0
0
0

N/A
0 0
0 4]
0 0
0
(4]

N/A
0 0
0 0
0 0
0
0

N/A
0 0
0 0
0 0
0
0

N/A

u
RSD

N/A
N/A
86

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Th
ppm

16

23
15

51

Th
Std Dev

4
4
4

o d

SO

A-76

Th
RSD

57
80
27

25

17

24
N/A

100
3
N/A

N/A
42

Sb
ppm

15
25
0
13

10
77

0
17
0
6
8

141

20

dONOO

141

=
[=] (=] 0000 0C
go §

11
16
111

Sb
Std Dev

12
13
0

000

Sb
RSD

52
N/A

N/A

N/A

N/A
N/A

N/A
N/A
N/A

N/A

N/A




STATION U u U Th Th Th Sb Sb Sb
(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD
B11D 0 0 N/A 9 ) 4 0 0 N/A
812D 0 0 N/A 10 4 40 35 13 37
813D 0 0 N/A 10 4 40 0 0 N/A
MEAN B1 0 10 12
STD DEV 0 0 16
RSD N/A 5 141
B21D 0 0 N/A 0 0 N/A 0 0 N/A
B22D o 0 N/A 12 4 a3 0 0 N/A
B23D 0 0 N/A 0 0 N/A 0 o N/A
MEAN B2 0 4 0
S71D DEV 0 6 0
RSD N/A 141 N/A
B31D 0 0 N/A 24 q 17 0 0 N/A
B32D 0 0 N/A 6 4 67 (¢] 0 N/A
B33D 0 0 N/A 13 4 31 0 0 N/A
MEAN B3 0 14 0
STD DEV 0 7 1]
RSD N/A 52 N/A
B41D 0 0 N/A " 4 36 0 0 N/A
Ba2D 0 0 N/A 1" 4 36 0 0 N/A
B«3D 0 1] N/A 14 4 29 0 0 N/A
MEAN B4 0 12 0
STD DEV 0 1 0
RSD N/A 12 N/A
B51D 0 0 N/A 1] 0 N/A 0 0 N/A
Bs2D 0 0 N/A 0 0 N/A 0 0 N/A
Bs3D 0 0 N/A 10 4 40 0 0 N/A
MEAN BS o 3 o
STD DEV 0 5 0
RSD N/A M N/A

A-77




STATION
{Sample)

C11D
Ci20
C13D
MEAN C1
STD DEV
RSD

C21D
c22D
C23D
MEAN C2
STD DEV
RSD

C31D
C320
C33D
MEAN C3
STD DEV
RSD

CatD
C42D
C43D
MEAN C4
STD DEV
RSD

Cs1D
Cs2D
Cs3D
MEAN C5
STD DEV
RSD

ppm

%OOOOO %OOOOO

<
STooco0ocC
>

P-4 2
OO0 O0OO0 O (el oM ol =3 =]
> >

V]
Std Dev

u
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Th
ppm

12
1"

Th
Std Dev

4

4
4

A-78

Th
RSD

33
36
67

67
80
67

67
17
33

983

828

sb
ppm

Sb
Std Dev

14
0
0

14
14

13
14

14
13

Sb
RSD

N/A
N/A

N/A
N/A
N/A

78
100
N/A

N/A
81

N/A
61




STATION
(Sample)

A11D
A12D
A13D
MEAN A1

STD DEV
RSD

A21D
A220D
A23D
MEAN A2
STD DEV
RSD

A31D
A32D
A33D
MEAN A3
STD DEV
RsD

A31D
A-2D
A43D
MEAN A4
S$TD DEV
RsSD

As1D
As2D
A:3D
MEAN AS
STD DEV
RSD

Sn
ppm

Sn

Std Dev

© O

Sn
RSD

N/A
N/A
100

83
N/A
N/A

N/A
N/A
92

N/A
N/A

7
N/A
N/A

A-79




STATION
(Sample)

B11D
B12D
B13D
MEAN B1
STD DEV
RSD

B21D
B22D
823D
MEAN B2
S$TD DEV
RSD

B31D
B32D
B33D
MEAN B3
STD DEV
RSD

B41D
Bi2D
Ba3D
MEAN B4
STD DEV
RSD

851D
B52D
B53D
MEAN BS
STD DEV
RSD

Sn
ppm

Sn
Std Dev

10
0
10

10
10
10

Sn
RSD

45
N/A
45

N/A
N/A
N/A

50

56

N/A
N/A
N/A

N/A
N/A
N/A

A-80




STATION
(Sample)

c1b
Ci20
C13D0
MEAN C?
STD DEV
RSD

C210
c22D
C23D
MEAN C2
STD DEV
RSD

C31D
Cs320
C33D
MEAN C3
STD DEV
RsSD

Ci1D
Ca2D
C43D
MEAN C4
STD DEV
R3D

Cs1iD
Cs52D0
Cs3D
MEAN C5
STD DEV
RSD

Sn
ppm

24
22

15
1"
71

Sn
Std Dev

T oo

n
10

Sn
RSD

N/A
N/A
43

N/A
N/A
N/A

N/A
N/A
92

46
45
N/A

N/A
79
N/A

A-81




XRAF FIELD TEST—-DRY GROUND SEDIMENTS—JULY 14, 1993—LABORATORY MEASUREMENTS
STATION Cr Cr Cr K K K Ca Ca Ca
(Sample) ppm Std Dev RSD ppm Std Dev RSD ppm Std Dev RSD

D11D 0 0 N/A 21709 848 4 14567 476 3
D12D 0 0 N/A 22900 868 4 14021 470 3
D130 0 0 N/A 233717 876 4 14548 479 3
MEAN D1 ) 22662 14379

STD DEV 0 701 253

RSD N/A 3 2

D210 o 0 N/A 22011 854 4 16186 498 3
D220 0 0 N/A 22842 868 4 16299 501 3
D230 0 0 N/A 22089 856 4 16830 507 3
MEAN D2 0 22314 16438

STD DEV 0 375 281

RSD N/A 2 2

D31D 0 0 N/A 21658 164 1 19134 535 3
D32D 0 0 N/A 21922 855 4 19749 543 3
D33D 0 0 N/A 21359 844 4 18474 526 3
MEAN D3 0 21646 19119

STD DEV 0 230 521

RSD N/A 1 3

D41D 0 0 N/A 17299 784 5 33657 681 2
D42D 0 0 N/A 16439 769 5 33466 678 2
D43D 0 0 N/A 18166 798 4 30996 658 2
MEAN D4 0 17301 32706

STD DEV 0 705 1212

RSD N/A 4 4

DS1D 0 0 N/A 18200 795 4 26542 612 2
Ds2D 0 0 N/A 17770 786 4 25038 596 2
DS3D 0 0 N/A 15366 740 5 25109 592 2
MEAN DS 0 17112 25563

STD DEV 0 1247 693

RSD N/A 7 3

A-82




XRF FIELD TEST-—-DRY GROUND SEDIMENTS---JULY 14, 1993---LABORATORY MEASUREMENTS
Cr
Std Dev

STATION
(Sample)

E11D
E120
E13D
MEAN E1
STD DEV
RSD

E21D
E22D
E23D
MEAN E2
STD DEV
RSD

E31D
E32D
E33D
MEAN E3
STD DEV
RSD

E41D
E42D
E43D
MEAN E4
STD DEV
RSD

E51D
ES2D
ES3D
MEAN ES
STD DEV
RSD

Cr

ppm

< = = 4 <
(-2 -0 - 000 o (-3 - -] o
;O o ;OO ;OOOOO ;OOOO ; o

0
0
0

000 000 (- 3N - X - ]

(-3 -]

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
Ppm

20888
21887
19907

18072
19196
18890
18719
474

K
Std Dev

846

871

851
839

§8R

k4l
812

A-83

K
RSD

4
4
4

&> oh bbb bbb

o bbb

Ca
PPM

32026
31251
31705
31661
318
1

14229
14062
13577
13956
277
2

19836
20843
19897
20192
461
2

14321
14986
14729
14679
274

25212
25771
25522

Ca
Std Dev

673
667
668

473
472
465

33

475

479

888

Ca
RSD

2
2
2

WWww [~ WL

MO N




XRF FIELD TEST—-DRY GROUND SEDIMENTS---JULY 14, 1993--LABORATORY MEASUREMENTS
Cr
Std Dev

STATION
(Sample)

F11D
F12D
F13D
MEAN F1
STD DEV
RSD

F210
F220
F23D0
MEAN F2
STD DEV
RSD

F310
F32D
F33D
MEAN F3
STD DEV
RSD

F41D
F42D
F43D
MEAN F4
STD DEV
RSD

FS$1D
F52D
F53D
MEAN F5
STD DEV
RSD

Cr

ppm

4 4 < < <
;OOOOO ;OOOOO ;OOOOO ;OOOOO ;OOOOO

0
0
0

(- 3N~ -] 000 000

Cr
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

K
ppm

19595
19513
21939
20349
1125
6

19099
17864
18721
18561
517
3

16580
17642
17675
17299
509
3

16929
19187
16167
17428
1282

17583
15697
18676
17319
1230

K
Std Dev

813
812
854

238

$33

813
759

784
747

A-84

K
RSD

4
4
4

oL bhd

o bow

and

Ca
ppm

18130
19186
18435
18584
444
2

24011
23453
23031
23498
401
2

27316
27658
27258
27411
176

Ca
Std Dev

519

5§32
527

587
578
575

618

619

883

621
596
611

Ca
RSD

NN NN NN N

NN




STATION
(Sample)

o110
D120
D130
MEAN D1
STD DEV
RSO

D21D

MEAN D2
STD DEV
RSD

D31D

MEAN D3
STD DEV
RSD

D41D

D43D
MEAN D4
STD DEV
RSD

Ds1D
Ds2D0

MEAN DS
STD DEV
RSD

B2E -sBkER 3-

ol
@

JB8

383

218
1

~Noom (- N NN

113

1308

315

1039
112

148
15

Mn
Std Dev

27
205
242

ER3

28R
-l

188
194

184
178
179

A-85

Mn
RSD

20
38
19

i

RBa

ey
SR

Fe
ppm

:

g 38

g
~

23555 -8

23123
24137

Fe
Std Dev

718
708
726

713

706

§&3 33

583

Fe
RSD

NNDN




STATION
(Sample)

E11D
E12D
E130
MEAN E1
STD DEV
RSD

E21D

MEAN E2
STD DEV
RSD

E31D

E33D
MEAN E3
STD DEV
RSD

E41D
E42D
E43D
MEAN E4
STD DEV
RSD

ES1D
MEAN ES

STD DEV
RSD

g8 BEE o=

g%

SEE

RSD

NN

NN~ ~N N~

~N®oe

Mn
ppm

1037
706
144
873
135

15

516
497
1274
762
362
47

875
775
994
881
90
10

1023
757
801
860
116

14

705
730
1014
816
140
17

Std Dev

220
209
210

195
235

211

219

88

186
190
205

A-86

Mn
RSD

21
30
24

288
®

24

21

®y=

- X

Fe
pPpm

43660
43350
43593
43534
133
0

49335
48818
49096
49083
211
0

40022
40691
39655
40123
429
1

47032
45847
45050
45976
814
2

27165
27709
27858
27577
298
1

Fe
Std Dev

698
693
696

RES

671
661

515
516

Fe
RSD

2
2
2

- NNN --

NNN




STATION
(Sample)

F11D
F12D
F13D
MEAN F1
STD DEV
RSD

F21D

F23D
MEAN F2
STD DEV
RSD

F31D
F32D0
F33D
MEAN F3
STD DEV
RSD

F41D
Fa2D
F43D
MEAN F4
STD DEV
RSD

FS1D
F520
F53D
MEAN F5
STD DEV
RSD

ppm
3276

2876

13

2218
2155
2570
2314
183
8

T
Std Dev

243
227
243

216
218
218

210
214
211

218

T
RSD

7
10
8

10
10

Mn
ppm

731
623
360
571
156

691

Mn
Std Dev

188
177
167

182
193
182

185
183
189

177
160
155

183
1”7
181

A-87

Mn
RSD

£&y B3R 8

[~ ]
r

Fe
ppm

26005
25200
26595
25933
572
2

19707
21920
21099

213

20412
20653
20274

157

19184
20794
18160
19379
1084

20748
20102
21152

Fe
Std Dev

495
486
502

SER &R 3§

33

Fe
RSD

2
2
2

NN NN NNN

NN




STATION
(Sample)

D11D
D12D
D13D
MEAN D1
STD DEV
RSD

021D

D230
MEAN D2
STD DEV
RSD

D31D
D32D
D33D
MEAN D3
STD DEV
RSD

Da1Dd

MEAN D4
STD DEV

DsS10

MEAN DS
STD DEV
RSD

Co
ppm

262
0
236
166
118
[a)

515
0
0

172

243

141
L

226
0

75

107

-t
’éOOOOO &

83050

wh
a2

Co
Std Dev

a

0
233

214

(- - 0 -]

Co
RSD

N/A

N/A
N/A

N/A

N/A

N/A
N/A
N/A

N/A
N/A

NI
pPM

4 < & - <
§ooceoco Fooooo Fooooo 3-8 LX) Sooocee

Ni
Std Dev

(- - - (- - N - ]

o000

A-88

Ni
RSD

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

RRIEZL AVBogs 8E

11
15
141

15
21
141

Cu
Std Dev

46
40
45

o8

888

Cu
ASD

15
23
17

gx

"8y

91
N/A
N/A

N/A

N/A




STATION
(Sample)

E11D
E120
E13D
MEAN E1
STD DEV
RSD

E21D

MEAN E2
STD DEV
RSD

E31D

MEAN E3
STD DEV
RSD

E41D
E42D
E43D
MEAN E4
STD DEV
RSD

ES1D
MEAN ES

STD DEV
RSD

Co
Ppm

216

102
L))

00000

£
>

cocco afBZef ¥53REo

£
>

Co
Std Dev

214

217

(- - -

Co
RSD

N/A
99
N/A

N/A
N/A
N/A

ga8s

&

N/A

N/A
N/A
N/A

NI
ppm

00000 %OOOOO %OOOOO

—ry - 4
mgo.‘o &
[-J >

-
&
-h

=
>O°O°°

Ni
Std Dev

0
o
0

o8o ooo ococo

A-89

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A

abc§

“cd8IN of

L))

Cu
Std Dev

42

42
41

49

51

g8

ges

Cu
RSD

19
19
19

13
12
1"

46

o
-

7

238

N/A
91
N/A




STATION
(Sampie)

F11D
F12D
F13D
MEAN F1
STD DEV

F210
F22D

MEAN F2
STD DEV
RSD

F31D
F32D
F33D
MEAN F3
STD DEV
RSD

F41D
F42D
F43D
MEAN F4
STD DEV
RSD

F51D
F520
F53D
MEAN F5
STD DEV
RSD

288080 39

soeg

127
141

%ooooo %ooooc %ooooo

(- - N -] 000

000

Co
RSD

N/A
81
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

NI
ppm

%OOOOO %OOOOO §°°°°° §°°°°° §°°°O°

NI
Std Dev

(-3 -] (-3~ - ] 000

Ni
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

(9]
c

ppm

aRaoco8 NNBBYo

dWBHoE RRBeER

Cu
Std Dev

o8

Cu
RSD

N/A

N/A
N/A

N/A

N/A

81
N/A

61
N/A




STATION
(Sample)

D11D
D12D
D13D
MEAN D1
STD DEV
RSD

D21D

D23D
MEAN D2
STD DEV
RSD

D31D

D33D
MEAN D3
STD DEV
RSD

D41D

D43D
MEAN D4
STD DEV
RSD

D51D

D53D
MEAN DS
STD DEV
RSD

Zn
Ppm

313
303
328
315
10
3

194
144
168
169
20
12

152
232
151
178
38
21

102
167
72
114
40
35

119
122
95
12
12
1"

Zn
Std Dev

37
36
38

288

31

31

28y

Zn
RSD

12
12
12

17
21
18

15
21

yul

As
PPM

[/ d
pr s

Ny4g2

2VBBo8 BIRRRo

19

&

18
14

d

SR8V

As
Std Dev

19
20

18
17

19

18

15
17

17

15

A-91

As
RSD

N/A
31

885

N/A
31

832

N/A

Se
ppm

Zz Z Z z
o0 ;OOOOO >°°°°° ;OOOOO ;OOOOO

-h
-l
Eowve

Se
Std Dev

(- - -] (- - - (- - -

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
100




STATION
(Sample)

E11D
E12D
E13D
MEAN E1
STD DEV
RSD

E21D
MEAN E2
STD DEV
RSD
E31D
E33D
MEAN E3
STD DEV
RSD

E41D

MEAN E4

319

318

168
167
138
158
14
9

888

31

31

B&L

Zn
RSD

12
12
12

12
1"
14

18
21
18

15
13

17
18
21

As
ppm

$oRI8B Naq&EY JIRBEeB

iRBBe X

dB88&eB

As
Std Dev

19
0
19

19
19
19

17
18
18

19
0
19

16
0
17

A-92

N/A

Rg2 88N &

N/A

N/A

Se
ppm

oa© :\z’ooooo %ooooo

-t
& o0
pry

-h
or0O0g

141

11

(R I -]

141

Se
Std Dev

(- 3 - Y -

(-3 - I - ]

Se
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A

N/A

N/A
N/A

N/A
91
N/A




STATION
(Sample)

F11D
F12D
F13D
MEAN F1
STD DEV
RSD

F21D
F22D
F23D
MEAN F2
STD DEV
RSD

F31D
F32D
F33D
MEAN F3
STD DEV
RSD

Fa1D
Fa20
F4a3D
MEAN F4
STD DEV
RSD

FS1D
F52D
F53D
MEAN F5
STD DEV
RSD

ppm

163
148
116
142

14

156

112

101

22833

n
152
128
117

150
102
144
132
21
16

@
1)

§¥ R C g S 28R 288

883

Zn
RSD

18
20
24

--
©

g8y

19
21

S¥%%
©

As
ppm

0
28
N
20
14
Ia

54
37
0
30
23
74

0
39
41
rig
19
71

As
Std Dev

0

16
17

16
15

16
16

15
15

17
17

A-93

As
RSD

N/A

a1
N/A

N/A
41

282

L

Se
ppm

o %OOOOO §°°°°O §°°O°°

-l
o

-t
by o
-t

=
ocococoo
>

Se
Std Dev

(- - -] (- -} -]

-3 - -]

Se
RSD

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
71
N/A

N/A
N/A
N/A




STATION
(Sample)

D11D
D12D
D13D
MEAN D1

MEAN D2
STD DEV
RSD

D31D
MEAN D3
STD DEV
RSD
D41D
MEAN D4
STD DEV
RSD
D51D
MEAN D5

STD DEV
ASD

Sr
ppm

173
153
165
164

b wb b b
£888R *°8

voY3E8 ~oBEER o

Sr
Std Dev

7
9
9

- X N -

10
10

1
1
1

10
10
10

Sr
RSD

& b aem - N

& bbb

Zr
ppm

131
134
142
136

109
104
118
110

146
3
126
134

144
125
122
130
10

181
144
146
147
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